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I, PETER JAMES JENKINS, do hereby declare and state as follows: 

1 . I am an inventor of the subject matter described in U.S. Application No. 
10/776,188 ("the '188 application"), filed February 12, 2004. 

2. I have been employed by Australian Biomedical Company Pty, Ltd., from 7 
December 1995 to the present. I am a Director of this company and a 
member of their Scientific Research Committee and I have held these 
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positions since 1995. My primary responsibilities in my present position 

include those of coordinating research and development. 

3. My qualifications and professional training are as follows: 
1972 -M.B., B.S. (Melbourne) 

1979 - Fellow of the Royal Australasian College of Physicians 

1973 - Intern, St. Vincent's Hospital, Melbourne 

1974 - Junior Resident Medical officer, St. Vincent's Hospital, Melbourne 
1975-1977- Medical Registrar, Alfred Hospital, Melbourne 

1978-1980 - Senior Registrar and Honorary Lecturer, King's College Hospital, 
London 

1980- Present - Consultant Physician, Member of Professorial Medical Unit, Alfred 

Hospital, Melbourne 
1996-1998 - Chairman Senior Medical Staff, Alfred Hospital Melbourne. 

4. My general work experience includes the management of patients with Type I 
and Type II diabetes mellitus, and includes my research experience involving 

. in vitro and in vivo experiments including the use of Gibberellins. 

5. I participated in the development of experiments described in Examples 1-6 of 
the '188 application. Additionally, I have either performed, supervised or 
overseen the performance of Examples 1-6. 

6. I have read and understand the entire disclosure of the '188 application, 
including the claims 1-38. 
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7. I have been asked to comment on Example 5 of the '188 application at p. 21 , 
line 19, to p. 23, line 1 . Specifically, I have been asked to provide my opinion 
on whether Example 5 enables one skilled in the art, such as myself, to use 
Gibberellins to treat Type I and II diabetes. In my opinion, for the reasons set 
forth below, Example 5 enables the use of Gibberellins alone to treat Type II 
diabetes mellitus and its complications and associated conditions, and the 
use of Gibberellins and a substance, such as insulin, for treating Type I 
diabetes mellitus and its complications and associated conditions. 

8. For purposes of this declaration, the experiments disclosed in Example 5 
were performed under my direction and control. 

9. Example 5 describes experiments with male Wistar rats that were induced 
with diabetes. Although Example 5 does not specifically disclose the type of 
diabetes exhibited by the rats, it was well known in the art as of the filing date 
of the '188 application that Type I diabetic humans and animals may produce 
trace amounts of endogenous insulin, although this typically ceases 
altogether after a few years. (See paragraph 7.1 .1 , "Definition, Diagnosis and 
Classification of Diabetes Mellitus and its Complications", World Health 
Organization, Geneva 1999 ("the WHO Report").) A copy of the WHO Report 
is attached as Exhibit A. 

10. Type II diabetic humans and animals typically have some endogenous insulin 
but produce an amount of insulin that is insufficient to adequately control their 
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blood glucose level, either due to decreased insulin production and/or 

decreased sensitivity to insulin. (See ibid., paragraph 7.2.) 

1 1 . Diabetes was induced in the rats of Example 5 by administering 60 mg/kg of 
streptozotocin (STZ). In my opinion, it was well known that injecting STZ is a 
standard procedure to induce diabetes in an animal. By way of one example 
only, see the discussion in "Increased Susceptibility to Streptozotocin Induced 
(3-Cell Apoptosis and Delayed Autoimmune Diabetes in Alkylpurine-DNA-A/- 
Glycolase-Deficient Mice", Cardinal, J.W. et a/., Molecular and Cellular 
Biology, August 2001, p. 5605, American Society for Microbiology, attached 
as Exhibit B, or "Protein kinase C and the sub-sensitivity and sub-reactivity of 
the diabetic rat prostate gland to noradrenaline", Ramasamy, S. et al., 
European Journal of Pharmacology 434 (2002) 151-161, attached as Exhibit 
C . STZ acts upon 0-cells in the pancreas and prevents endogenous 
production of insulin. (See Cardinal and Ramasamy.) 

12. According to Example 5, a glucose sample was taken from each rat, and rats 
that showed a blood glucose level >16 mM were considered to be 
unequivocally diabetic for the purposes of the experiment. A blood glucose 
level in the range of 4 mM to 6 mM is considered normal. (See The New 
England Journal of Medicine, SI Unit Conversion Guide, Laposata, M. (ed.) 
1992 NEJM Books, Boston, pp. 82-83, attached as Exhibit D, and Harpers 
Biochemistry 24 th ed., Murray, R.K., et. al. 1996, Appleton & Lange, Stanford, 
Connecticut, pp. 830-832, attached as Exhibit E.) 
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13. In my opinion, one of ordinary skill in the art would have expected that the 
amount of STZ administered in Example 5 (60 mg/kg) to an animal having the 
body weight of a male Wistar rat (290g-330g), would result in (3-cell death, 
thereby inducing Type I diabetes in the animal, e.g., a rat producing trace or 
no amounts of endogenous insulin. (See U 9, supra.) 

14. Example 5 further describes a control group of male Wistar rats injected with 
citrate buffer by a single tail vein injection. 

15. Achieving a blood glucose level in the range of 4 mM to 6 mM, which is 
considered normal, in a diabetic rat or human indicates effective control of 
blood glucose level and effective treatment and management of complications 
and associated conditions of diabetes that arise from elevated blood glucose 
levels, e.g., >16 mM. 

16. In Example 5, each of the five rat groups is administered with an insulin 
preparation as listed in the specification at p. 22, line 27 to p. 23, line 1. Each 
of the groups 3 to 5 is also administered with a novel anti-diabetic agent 
comprising Gibberellin, again as listed in the specification. These 
preparations were administered daily and blood glucose readings were taken 
every 3 days at the times indicated for a total of 84 days. Each preparation 
included slow-acting Lente Monotard insulin in dosage amounts measured as 
"units." 
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1 7. One of ordinary skill in the art would have known that a "unit" is an 
international standard measurement for drug activity. It is well known that 
with respect to insulin dosage, a unit corresponds to the activity contained in 
one twenty-second (1/22) of a milligram of the pure crystalline product now 
adopted as the standard. (See definition of "International unit" and 
"international insulin unit" in Dorland's Illustrated Medical Dictionary, 25 th 
Edition, 1974 W.B. Saunders Company, Philadelphia, attached as Exhibit F). 

18. Blood glucose readings were obtained 2 hours and/or 5 hours after the 
administration and body weight change was recorded on day 30. 

19. In Example 5, the preparation administered to Group No. 1 rats contained 
only insulin at a dosage of 4 units/rat. This preparation effectively brought the 
glucose level of rats identified as diabetic to a range of 4-5 mM (2 hours after 
injection) and 3-5 mM (5 hours after injection). These blood glucose ranges 
overlap with the 4 mM to 6 mM range. And, in my opinion, one of ordinary 
skill in the art would have considered the Group No. 1 rats to have achieved a 
normal glucose level. 

20. In Example 5, Group No. 2 rats were administered a preparation containing 
insulin at a dosage of 2 units/rat subcutaneously. The Group No. 2 rats 
exhibited a blood glucose level ranging from 15-18 mM (2 hours after 
injection) and 14-16 mM (5 hours after injection). In my opinion, these blood 
glucose ranges are considered to be diabetic, as the range is greater than the 
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normal range of 4 mM to 6 mM and overlaps with the >16 mM range 

indicative of diabetes. 

21. Further, it is my opinion that the Group No. 2 rats illustrate a Type II diabetes 
model. Although the Group No. 2 rats were administered insulin, the amount 
administered was insufficient to normalize blood glucose levels to the 4-6 mM 
range. Because the Group No. 2 rats had a blood glucose level range 
considered to be diabetic and were known to have insulin, albeit in an 
insufficient amount to normalize blood glucose levels, the Group No. 2 rats 
were effectively functional as a Type II diabetes model. (See If 10, supra.) 

22. Example 5 further describes administering to each of Group Nos. 3-5 rats a 
preparation containing insulin at a dosage of 2 units/rat and 5 mg/kg of 
Gibberellin A 3 . The administration of insulin to Group Nos. 3-5 rats was 
performed subcutaneously, whilst the administration of Gibberellin A 3 was 
performed subcutaneously, intraperitoneally, and orally, respectively. 

23. In Example 5, the administration of the preparation containing insulin at a 
dosage of 2 units/rat and Gibberellin A 3 (5 mg/kg) to rats in Group Nos. 3-5 
effectively brought the blood glucose level of rats identified as diabetic to a 
range of 4-6 mM (2 hours after injection, Group No. 3; 5 hours after injection, 
Group Nos. 4 and 5) or 4-5 mM (2 hours after injection, Group No. 4). These 
blood glucose ranges are considered to be normal, as indicated on p. 5, line 
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33, to p. 6, line 2, of the '188 application. Thus, the preparations 

administered to Group Nos. 3-5 treated diabetes. 

24. It is my opinion that the treatment of Group Nos. 3-5 illustrates treating both 
Type I and Type II diabetes, as explained further below. 

25. A Type I diabetic animal produces trace amounts or no amount of 
endogenous insulin. (See 1J 9, supra.) As discussed in 13, supra , the 
Group Nos. 1-5 rats prior to administration of the preparation were all Type I 
diabetic animals, i.e., all Group Nos. 1-5 rats initially had Type I diabetes prior 
to administration of the preparation. 

26. A standard treatment of Type I diabetes usually requires administration of 
insulin. (See Martindale: the complete drug reference 33 rd Edition] 
Sweetman, S.C. (ed.) 2002 Pharmaceutical Press, London, attached as 
Exhibit G.) In the standard treatment, the amount of insulin must be carefully 
monitored to avoid potential problems with producing hypoglycemia. 

27. The experiments with Group No. 2 rats show that administration of 2 units/rat 
of insulin is insufficient to normalize blood glucose levels. (See U 21 , supra.) 
In contrast, the experiments with Group No. 1 rats show that a dosage of 4 
units/rat of insulin normalized blood glucose levels. 

28. However, the preparations administered to Group Nos. 3-5 rats containing an 
insufficient amount of insulin (2 units/rat) and a novel anti-diabetic agent, 
Gibberellin A 3 , resulted in rats having a normal blood glucose range. Thus, it 



Our Ref: 08505.0020-00000 
CONFIDENTIAL AND PRIVILEGED Your Ref.: FF36326/04 

ATTORNEY WORK PRODUCT 

is my opinion that Example 5 fully enables effective treatment of Type I 

diabetes by the administration of Gibberellin A 3 in combination with a 

substance such as insulin. Because the dosage of insulin in Groups 3-5 is 

less than that required to normalize blood glucose levels, the potential 

problems with producing hypoglycemia due to excess insulin are also 

avoided. 

29. Further, it is my opinion that the treatment of Group Nos. 3-5 rats also clearly 
illustrates the treatment of Type II diabetes. Upon administering the 
preparation containing a dosage of insulin of 2 units/rat, the rats of Group 
Nos. 3-5 effectively contained an insufficient amount of endogenous insulin to 
effectively control blood glucose levels as in the Type II diabetic model, just 
like the Group No. 2 rats. (See If 21 , supra.) 

30. However, unlike the Group No. 2 rats, the Group Nos. 3-5 rats were also 
administered with a novel anti-diabetic agent, Gibberellin A 3 . Because the 
administration of 2 units/rat insulin replicates the situation of attaining Type II 
diabetes, where small amounts of insulin may exist but in an insufficient 
amount to control blood glucose levels, these rats were effectively treated by 
the administration of Gibberellin A 3 alone. 

31 . The results from Group Nos. 3-5 rats indicate that sub-cutaneous, 
intraperitoneal, and oral administration of Gibberellin A 3 are equally effective 
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at lowering blood glucose ranges to a normal level in Type I and II diabetic 

patients. 

32. Example 5 illustrates how administration of Gibberellin A 3 alone to a male 
Wistar rat having insufficient insulin to control its blood glucose level, i.e., a 
Type II diabetic, results in attainment of a normal blood glucose range. 

33. Accordingly, it is my opinion that Example 5 enables the use of Gibberellins in 
combination with a substance, such as insulin, in a method of treating Type I 
diabetes and its complications and associated conditions. 

34. Further, it is also my opinion that Example 5 enables the use of Gibberellins 
alone in a method of treating Type II diabetes and its complications and 
associated conditions. 

I further declare that all statements made of my own knowledge are true and that 
all statements made on information and belief are believed to be true, and understand 
that willful false statements and the like are punishable by fine or imprisonment, or both 
(18 U.S.C. 1001), and may jeopardize the enforceability of any patent issuing from the 
'188 application. 




- 10- 



WHO/NCD/NCS/99.2 
Original: English 
Distr.: General 



Definition, Diagnosis 

and Classification 
of Diabetes Mellitus 
and its Complications 

Report of a WHO Consultation 

Part 1 : Diagnosis and Classification of 
Diabetes Mellitus 




World Health Organization 
Department of Noncommunicable Disease Surveillance 

Geneva 



® World Health Organization 1 999 



This document is not a formal publication of the World 
Health Organization (WHO), and all rights are reserved by 
the Organization. The document may, however, be freely 
reviewed, abstracted, reproduced and translated, in part 

or in whole, but not for sale nor for use in conjunction 
with commercial purposes. 



The views expressed in documents by named authors are 
solely the responsibility of those authors 



Contents 



1. Introduction 1 

2. Definition and diagnostic criteria for diabetes mellitus and 
other categories of glucose intolerance 2 

2.1 Definition 2 

2.2 Diagnosis and diagnostic criteria 3 

2.2.1 Diagnosis 3 

2.2.2 Diabetes in children 4 

2.3 Diagnostic criteria ''. 4 

2.3 . 1 Change in diagnostic value for fasting 
plasma/blood glucose concentrations 5 

2.3.2 Epidemiological studies 6 

2.3.3 Individual diagnosis 7 

3. Classification 8 

3.1 Earlier classifications 8 

3.2 Revised classification 9 

3.2.1 Application of the new classification 9 

3.3 Terminology (Table 2) 11 

4. Clinical staging of diabetes mellitus and other categories 

of glucose tolerance (Figure 2) 14 

4.1 Diabetes mellitus 14 

4.2 Impaired glucose regulation - Impaired Glucose 
Tolerance and Impaired Fasting Glycaemia 14 

4.3 Normoglycaemia 16 

5. Aetiological types (see also section 7. and Table 2) 17 

5.1 Type 1 17 

5.2 Type 2 18 

5.3 Other specific types (Table 3) 18 

6. Gestational Hyperglycaemia and Diabetes 19 

6.1 Diagnosis of gestational diabetes 20 



7. Description of aetiological types 21 

7.1 Type 1 (beta-cell destruction, usually leading to 
absolute insulin deficiency) 21 

7.1.1 Autoimmune Diabetes Mellitus 21 

7.1.2 Idiopathic : 22 

7.2 Type 2 (predominantly insulin resistance with 
relative insulin deficiency or predominantly 
an insulin secretory defect with/without insulin 
resistance) 23 

7.3 Other Specific Types 25 

7.3.1 Genetic defects of beta-cell function 25 

7.3.2 Genetic defects in insulin action 26 

7.3.3 . Diseases of the exocrine pancreas 27 

7.3.4 Endocrinopathies 27 

7.3.5 Drug- or chemical-induced diabetes ...... 28 

7.3.6 Infections 28 

7.3.7 Uncommon but specific forms of 
immune-mediated diabetes mellitus 29 

7.3.8 Other genetic syndromes sometimes 
associated with diabetes . . . . . 30 

8, The Metabolic Syndrome 31 

8.1 . Definition , r ...... 32 

8.2 Future needs , 33 

References . . ... . .> . . . . ... ....... 34 

Annex 1 The Oral Glucose Tolerance Test, .. .... . , . . . . . . 48 



Annex 2 Methods for measuring substances in blood 
and urine ..." 



49 



Members 

KGMM Alberti, University of Newcastle upon Tyne, UK 
(Co-Chairman) 

P Aschner, ACD and Javerlana University, Bogota, Colombia 

J-P Assal, University Hospital, Geneva, Switzerland 

PH Bennett, NIDDK, Phoenix, AZ, USA 

L Groop, University of Lund, Malmo, Sweden 

J Jervell, Rikshospitalet, Oslo, Norway 

Y Kanazawa, Jichi Medical School, Omiya, Japan 

H Keen, Guy's Hospital and Medical School, London, UK 

R Klein, University of Wisconsin Medical School, Madison, WI, 
USA 

J-C Mbanya, Centre Hospitalier et Universitaire de Yaounde, 
Cameroon 

D McCarty, International Diabetes Institute, Caulfield, Australia 
(Rapporteur) 

A Motala, University of Natal, Congella, South Africa 

Pan X-R, China-Japan Friendship Hospital, Beijing, China PR 
(deceased 8 July 1997) 

A Ramachandran, Diabetes Research Centre, Madras, India 

N Samad, Dow Medical College & Civil Hospital, Karachi, Pakistan . 

N Unwin, University of Newcastle upon Tyne, UK (Rapporteur) 

P Vardi, Schneider Children's Centre, Petah-Tikvah, Israel 

PZ Zimmet, International Diabetes Institute, Caulfield, Australia 
(Co-Chairrnan) 



Secretariat 

A Alwan, World Health Organization, Geneva, Switzerland 
H King, World Health Organization, Geneva, Switzerland 



Observers 



M B en-ens, Bayer, Germany 

R Kahn, American Diabetes Association, USA 

J Nolan, Institute for Diabetes Discovery, USA 

S Pramrriing, Novo Nordisk, Denmark 

RA Rizza, American Diabetes Association, USA 



1. Introduction 



In the late 1970s both WHO (1) and the National Diabetes 
Data Group (2) produced new diagnostic criteria and a new 
classification system for diabetes mellitus. This brought order 
to a chaotic situation in which nomenclature varied and 
diagnostic criteria showed enormous variations using different 
oral glucose loads. In 1985 WHO slightly modified their 
criteria to coincide more closely with the NDDG values (3). 
There are now many data available, and also much more 
aetiological information has appeared. It seemed timely to 
re-examine the issues and to update and refine both the 
classification and the criteria, and to include a definition of the 
"Metabolic Syndrome". 

An American Diabetes Association (ADA) expert group was 
convened to discuss these issues. It published its 
recommendations in 1997 (4). WHO convened a Consultation 
on the same subject in London, United Kingdom, in December 
1996. In general, the ADA and WHO groups reached similar 
conclusions. 

The provisional report of the WHO Consultation (5) solicited 
comments which were considered in preparing the present 
report. Both the provisional and the present report were 
prepared by Professor K.G.M.M. Alberti and Professor P.Z. 
Zimmet on behalf of the members of the Consultation. The 
meeting was made possible with financial support from Bayer, 
UK; Bayer, Germany; Novo Nordisk, Copenhagen, Denmark; 
and The Institute for Diabetes Discovery, New Haven, USA. 
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2. Definition and diagnostic 

criteria for diabetes mellitus and 
other categories of glucose 
intolerance 

2.1 Definition 

The term diabetes mellitus describes a metabolic disorder of 
multiple aetiology characterized by chronic hyperglycaemia 
with disturbances of carbohydrate, fat and protein metabolism 
resulting from defects in insulin secretion, insulin action, or 
both. The effects of diabetes mellitus include long-term 
damage, dysfunction and failure of various organs. Diabetes 
mellitus may present with characteristic symptoms such as 
thirst, polyuria, blurring of vision, and weight loss. In its most 
severe forms, ketoacidosis or a non-ketotic hyperosmolar state 
may develop and lead to stupor, coma and, in absence of 
effective treatment, death. Often symptoms are not severe, or 
may be absent, and consequently hyperglycaemia sufficient to 
cause pathological and functional changes may be present for 
a long time before the diagnosis is made. The long-term 
effects of diabetes mellitus include progressive development 
of the specific complications of retinopathy with potential 
blindness, nephropathy that may lead to renal failure, and/or 
neuropathy with risk of foot ulcers, amputation, Charcot 
joints, and features of autonomic dysfunction, including 
sexiial dysfunCtibn. People with diabetes are at increased risk 
of cardiovascular, peripheral vascular and cerebrovascular 
disease. 



2 



Several pathogenetic processes are involved in the 
development of diabetes. These include processes which 
destroy the beta cells of the pancreas with consequent insulin 
deficiency, and others that result in resistance to insulin 
action. The abnormalities of carbohydrate, fat and protein 
metabolism are due to deficient action of insulin on target 
tissues resulting from insensitivity or lack of insulin. 

2.2 Diagnosis and diagnostic criteria 

2.2.1 Diagnosis 

If a diagnosis of diabetes is made, the clinician must feel 
confident that the diagnosis is fully established since the 
consequences for the individual are considerable and lifelong. 
The requirements for diagnostic confirmation for a person 
presenting with severe symptoms and gross hyperglycaemia 
differ from those for the asymptomatic person with blood 
glucose values found to be just above the diagnostic cut-off 
value. Severe hyperglycaemia detected under conditions of 
acute infective, traumatic, circulatory or other stress may be 
transitory and should not in itself be regarded as diagnostic of 
diabetes. The diagnosis of diabetes in an asymptomatic subject 
should never be made on the basis of a single abnormal blood 
glucose value. For the asymptomatic person, at least one 
additional plasma/blood glucose test result with a value in the 
diabetic range is essential, either fasting, from a random 
(casual) sample, or from the oral glucose tolerance test 
(OGTT). If such samples fail to confirm the diagnosis of 
diabetes mellitus, it will usually be advisable to maintain 
surveillance with periodic re-testing until the diagnostic 
situation becomes clear. In these circumstances, the clinician 
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should take into consideration such additional factors as 
ethnicity, family history, age, adiposity, and concomitant 
disorders, before deciding on a diagnostic or therapeutic 
course of action. An alternative to blood glucose estimation or 
the OGTT has long been sought to simplify the diagnosis of 
diabetes. Glycated haemoglobin, reflecting average glycaemia 
over a period of weeks, was thought to provide such a test. 
Although in certain cases it gives equal or almost equal 
sensitivity and specificity to glucose measurement (6), it is not 
available in many parts of the world and is not well enough 
standardized for its use to be recommended at this time. 



2.2.2 Diabetes in children 

Diabetes in children usually presents with severe symptoms, 
very high blood glucose levels, marked glycosuria, and 
ketonuria. In most children the diagnosis is confirmed without 
delay by blood glucose measurements, and treatment 
(including insulin injection) is initiated immediately, often as 
a life-saving measure. An OGTT is neithfcr necessary nor 
appropriate for. diagnosis in such circumstances. A small 
proportion of children and adolescents, however, present with 
less severe symptoms and may require fasting blood glucose 
measurement and/or an OGTT for diagnosis. 

2.3 Diagnostic criteria 

The clinical diagnosis of diabetes is often prompted by 
symptoms such as increased thirst and urine volume, recurrent 
infections, unexplained weight loss and, in severe cases, 
drowsiness and coma; high levels of glycosuria are usually 
present. A single blood glucose estimation in excess of the 
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diagnostic values indicated in Figure 1 (black zone) 
establishes the diagnosis in such cases. Figure 1 also defines 
levels of blood glucose below which a diagnosis of diabetes 
is unlikely in non-pregnant individuals. These criteria are as 
in the 1985 report (3). For clinical purposes, an OGTT to 
establish diagnostic status need only be considered if casual 
blood glucose values lie in the uncertain range (i.e. between 
the levels that establish or exclude diabetes) and fasting blood 
glucose levels are below those which establish the diagnosis 
of diabetes. If an OGTT is performed, it is sufficient to 
measure the blood glucose values while fasting and at 2 hours 
after a 75 g oral glucose load (Annexes 1 and 2). For children 
the oral glucose load is related to body weight: 1 .75 g per kg. 
The diagnostic criteria in children are the same as for adults. 
Diagnostic interpretations of the fasting and 2-h post-load 
concentrations in non-pregnant subjects are shown in Table 1 . 

2.3. 1 Change in diagnostic value for fasting 
plasma/blood glucose concentrations 

The major change recommended in the diagnostic criteria for 
diabetes melhtus is the lowering of the diagnostic value of the 
fasting plasma glucose concentration to 7.0 mmol l" 1 (126 
mg dl" 1 ) and above (3), from the former level of 7.8 mmol l" 1 
(140 mg dl -1 ) and above. For whole blood the proposed new 
level is 6.1 mmol I" 1 (1 10 mg dl* 1 ) and above, from the former 
6.7 mmol l 1 (120 mg dl" 1 ). 

The new fasting criterion is chosen to represent a value which 
is at the upper end of the range that corresponds in diagnostic 
significance in many persons to that of the 2— h post— load 
concentration, which is not changed. This equivalence has 
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been established from several population-based studies (6-8) 
arid it also represents an optimal cut-off point to separate the 
components of bimodal frequency distributions of fasting 
plasma glucose concentrations seen in several populations. 
Furthermore, several studies have shown increased risk of 
microvascular disease in persons with fasting plasma glucose 
concentrations of 7.0 mmol l" 1 (126 mg dl~ l ) and over (6), and 
of microvascular disease in persons with such fasting 
concentrations, even in those with 2-h values of < 7.8 
mmol l" 1 (140 mg dl" 1 ) (9). Nevertheless, in less obese 
subjects, in some ethnic groups and in the elderly lower 
fasting glucose levels may be seen in persons who have 2-h 
post-load glucose vsilues that are diagnostic for diabetes. 



2.3.2 Epidemiological studies 

For population studies of glucose intolerance and diabetes, 
individuals have been classified by their blood glucose 
concentration measured after an overnight fast and/or 2 h after 
a 75 g oral glucose load. Since it may be difficult to be sure of 
the fasting state, and because of the strong correlation between 
fasting and 2-h values, epidemiological studies or diagnostic 
screening have in th£ past been restricted to the 2-h values 
only (Table 1). Whilst this remains the single best choice, if it 
is not possible to perform the OGTT (e.g. for logistical or 
economic reasons), the fasting plasma glucose alone may be 
used for epidemiological purposes. It has now been clearly 
shown, however, that some of the individuals identified by the 
new fasting values differ from those identified by 2— h post 
glucose challenge values (10,1 1). The latter include the elderly 
(12) and those with less obesity, such as many Asian 
populations. On the other hand, middle-aged, more obese 
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patients are more likely to have diagnostic fasting values (10). 
Overall population prevalence may (13) or may not (7,10,14) 
be found to differ when estimates using fasting and 2-h values 
are compared. 

2.3.3 Individual diagnosis 

The requirements for individual diagnosis differ from those of 
population studies. The diajgnosis should not be based on a 
single glucose determination but requires confirmatory 
symptoms or blood/plasma determination. Diagnosis requires 
the* identification of people at : risk for development of 
complications in whom early preventive strategies are 
indicated. Ideally therefore both the 2-h and the fasting value 
should be used. These recommendations contrast with those 
of the ADA Expert Committee which gives primacy to the 
fasting plasma glucose (4). 
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3. Classification 



3.1 Earlier classifications 

The first widely accepted classification of diabetes mellitus 
was published by WHO in 1980 (1) and, in modified form, in 
1985 (3). The 1980 and 1985 classifications of diabetes 
mellitus and allied categories of glucose intolerance included 
clinical classes and two statistical risk classes. The 1980 
Expert Committee proposed two major classes of diabetes 
mellitus and named them, IDDM or Type 1, and NIDDM or 
Type 2. In the 1985 Study Group Report the terms Type 1 and 
Type 2 were omitted, but the classes EDDM and NIDDM were 
retained, and a class of Malnutrition-Delated Diabetes Mellitus 
(MRDM) was introduced. In both the 1980 and 1985 reports 
other classes of diabetes included Other Types and Impaired 
Glucose Tolerance (IGT) as well as Gestational Diabetes 
Mellitus (GDM). These were reflected in the subsequent 
International Nomenclature of Diseases (IND) in 1991, and 
the tenth revision of the International Classification of 
Diseases (ICD-10) in 1992. The 1985 classification was 
widely accepted and is used internationally. It represented a 
compromise between clinical and aetiological classification 
and allowed classification of individual subjects and patients 
in a clinically useful manner even when the specific cause or 
aetiology was unknown. The recommended classification 
includes both staging of diabetes mellitus based on clinical 
descriptive criteria and a complementary aetiological 
classification. 
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3.2 Revised classification 



The classification encompasses both clinical stages and 
aetiological types of diabetes mellitus and other categories of 
hyperglycaemia, as suggested by Kuzuya and Matsuda (15). 

The clinical staging reflects that diabetes, regardless of its 
aetiology, progresses through several clinical stages during its 
natural history. Moreover, individual subjects may move from 
stage to stage in either direction. Persons who have, or who 
are developing, diabetes mellitus can be categorized by stage 
according to the clinical characteristics, even in the absence of 
information concerning the underlying aetiology. The 
classification by aetiological type results from improved 
understanding of the causes of diabetes mellitus. 

3.2. 1 Application of the new classification 

The new classification contains stages which reflect the 
various degrees of hyperglycaemia in individual subjects with 
any of the disease processes which may lead to diabetes 
mellitus. 

All subjects with diabetes mellitus can be categorized 
according to clinical stage, and this is achievable in all 
circumstances. The stage of glycaemia may change over time 
depending on the extent of the underlying disease processes 
(Figure 2). The disease process may be present but may not 
have progressed far enough to cause hyperglycaemia. The 
aetiological classification reflects the fact that the defect or 
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process which may lead to diabetes may be identifiable at any 
stage in the development of diabetes - even at the stage of 
normoglycaemia. Thus the presence of islet cell antibodies in 
a normoglycaemic individual makes it likely that that person 
has the Type 1 autoimmune process. Unfortunately, there are 
few sensitive or highly specific indicators of the Type 2 
process at present, although these are likely to be revealed as 
aetiology is more clearly defined. The same disease processes 
can cause impaired fasting glycaemia and/or impaired glucose 
tolerance without fulfilling the criteria for the diagnosis of 
diabetes mellitus. In some individuals with diabetes, adequate 
glycaemic control can be achieved with weight reduction, 
exercise, and/or oral agents. These individuals, therefore, do 
not require insulin and may even revert to IGT or 
normoglycaemia. Other individuals require insulin for 
adequate glycaemic control but can survive without it. These 
individuals, by definition, have some residual insulin 
secretion. Individuals with extensive beta-cell destruction, 
and therefore no residual insulin secretion, require insulin for 
survival. The severity of the metabolic abnormality can either 
regress (e.g. with weight reduction), progress (e.g. with weight 
gain), or stay the same. 
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3.3 Terminology (Table 2) 



It is recommended that the terms "insulin-dependent diabetes 
mellitus" and "non-insulin-dependent diabetes mellitus" and 
their acronyms "EDDM" and "NIDDM" no longer be used. 
These terms have been confusing and frequently resulted in 
patients being classified on the basis of treatment rather than 
pathogenesis. 

• The terms Type 1 and Type 2 should be reintroduced. 
The aetiological type named Type 1 encompasses the 
majority of cases which are primarily due to pancreatic 
islet beta-cell destruction and are prone to ketoacidosis. 
Type 1 includes those cases attributable to an 
autoimmune process, as well as those with beta-cell 
destruction and who are prone to ketoacidosis for which 
neither an aetiology nor a pathogenesis is known 
(idiopathic). It does not include those forms of 
betar-cell destruction or failure to which specific causes 
can be assigned (e.g. cystic fibrosis, mitochondrial 
defects, etc.). Some subjects with this type can be 
identified at earlier clinical stages than "diabetes 
mellitus". 

• The type named Type 2 includes the common major 
form of diabetes which results from defect(s) in insulin 
secretion, almost always with a major contribution 
from insulin resistance. It has been argued that a lean 
phenotype of Type 2 diabetes mellitus in adults found 
in the Indian sub-continent may be very distinct from 
the more characteristic form of Type 2 found in 
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Caucasians. Not enough information is available, 
however, to characterize such subjects separately. 

A recent international workshop reviewed the evidence 
for, and characteristics of, diabetes mellitus seen in 
undernourished populations (16,17). Whilst it appears 
that malnutrition may influence the expression of 
several types of diabetes, the evidence that diabetes can 
be caused by malnutrition or protein deficiency per se 
is not convincing. Therefore, it is recommended that 
the class 'Malnutrition-related diabetes" (MRDM) be 
deleted. The former subtype of MRDM, 
Protein-deficient Pancreatic Diabetes (PDPD or 
PDDM)* may be considered as a malnutrition 
modulated or modified form of diabetes mellitus for 
which more studies are needed. The other former 
subtype of MRDM, Fibrocalculous Pancreatic Diabetes 
(FCPD), is now classified as a disease of the exocrine 
pancreas, fibrocalculous pancreatopathy, which may 
lead to diabetes mellitus. 

The class "Impaired Glucose Tolerance" is now 
classified as a stage of impaired glucose regulation, 
since it can be observed in any hyperglycaemic 
disorder, and is itself not diabetes. 

A clinical stage of Impaired Fasting Glycaemia has 
been introduced to classify individuals who have 
fasting glucose values above the normal range, but 
below those diagnostic of diabetes. 



• Gestational Diabetes is retained but now encompasses 
the groups formerly classified as Gestational Impaired 
Glucose Tolerance (GIGT) and Gestational Diabetes 
Mellitus (GDM). 



13 



4. 



Clinical staging of diabetes 
mellitus and other categories of 
glucose tolerance (Figure 2) 



4.1 Diabetes mellitus 

Diabetes mellitus, regardless of underlying cause, is 
sub-divided into: Insulin requiring for survival 
(corresponding to the former clinical class of "Insulin 
Dependent Diabetes Mellitus - IDDM"), e.g. C-peptide 
deficient; Insulin requiring for control, i.e. metabolic control, 
rather than for survival, e.g. some endogenous insulin 
secretion but insufficient to achieve normoglycaemia without 
added exogenous insulin; and Not insulin requiring, i.e. those 
who may be controlled satisfactorily by non-pharmacological 
methods or drugs other than insulin. Together, the latter two 
sub-divisions constitute the former class of NIDDM. 

4.2 Impaired glucose regulation - Impaired 
Glucose Tolerance (IGT) and Impaired 
Fasting Glycaemia (IFG) 

Impaired glucose regulation (IGT and IFG) refers to a 
metabolic state intermediate between normal glucose 
homeostasis and diabetes. It should be stated unequivocally, 
however, that IFG and IGT are not interchangeable and 
represent different abnormalities of glucose regulation, one in 
the fasting state and one post-prandial. 
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IGT, rather than being a class as in the previous classification, 
is categorized as a stage in the natural history of disordered 
carbohydrate metabolism. A stage of IFG is also recognized 
because such subjects, like those with IGT, have increased 
risks of progressing to diabetes and macrovascular disease, 
although prospective data are sparse and early data suggest a 
lower risk of progression than IGT (18), although a similar 
CVD risk factor profile has been shown in IFG and IGT 
subjects (19). IFG refers to fasting glucose concentrations 
which are lower than those required to diagnose diabetes 
mellitus but higher than the "normal" reference range. 

The values for IFG are a fasting plasma glucose concentration 
of 6.1 mmol 1 _1 (110 mg dl -1 ) or greater (whole blood 5.6 
mmol l" 1 ; 100 mg dl" 1 ), but less than 7.0 mmol l" 1 (126 
mg dl" 1 ) (whole blood 6.1 mmol l" 1 ; 110 mg dl" 1 ). If an OGTT 
is performed, some individuals with IFG will have IGT or 
diabetes, but this cannot be determined without an OGTT. If 
resources allow, it is recommended that all those with IFG 
have an OGTT to exclude the diagnosis of diabetes. 

Individuals who meet criteria for IGT or IFG may be 
euglycaemic in their daily lives as shown by normal or 
near-normal glycated haemoglobin levels. IGT and IFG are 
not clinical entities in their own right, but rather risk 
categories for future diabetes and/or cardiovascular disease 
(20,21). They can occur as an intermediate stage in any of the 
disease processes listed in Table 2. IGT is often associated 
with the Metabolic Syndrome (Insulin Resistance Syndrome) 
(22). Thus, IGT may not be directly involved in the 
pathogenesis of cardiovascular disease, but rather may serve 
as an indicator or marker of enhanced risk by virtue of its 
correlation with the other elements of the Metabolic 
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Syndrome that are cardiovascular risk factors. Self-evidently, 
those individuals with IGT manifest glucose intolerance only 
when challenged with an oral glucose load. 

4.3 Normoglycaemia 

A fasting venous plasma glucose concentration of less than 
6.1 mmol l" 1 (110 mg dl~ l ) has been chosen as "normal" 
(Table 1). Although this choice is arbitrary, such values are 
observed in people with proven normal glucose tolerance, 
although some may have IGT if an OGTT is performed. 
Values above this are associated with a progressively greater 
risk of developing micro- and macrovascular complications 
(8,9,21,23). 

The pathological or aetiological processes which often lead to 
diabetes mellitus begin, arid may be recognizable, in some 
subjects who have normal glucose tolerance. Recognition of 
the pathological process at an early stage may be useful if 
progression to more advanced stages can be prevented. 
Conversely, effective treatments, or occasionally the natural 
history of some forms of diabetes mellitus, may result in 
reversion of hyperglycaemia to a state of normoglycaemia. 
The proposed classification includes a stage of 
normoglycaemia in which persons who have evidence of the 
pathological processes which may lead to diabetes mellitus, or 
in whom a reversal of the hyperglycaemia has occurred, are 
classified. 
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Aetiological types 

(see also section 7 and Table 2) 



The aetiological types designate defects, disorders or 
processes which often result in diabetes mellitus. 

5.1 Type 1 

Type 1 indicates the processes of beta-cell destruction that 
may ultimately lead to diabetes mellitus in which "insulin is 
required for survival" to prevent the development of 
ketoacidosis, coma and death. An individual with a Type 1 
process may be metabolically normal before the disease is 
clinically manifest, but the process of beta-cell destruction 
can be detected. Type 1 is usually characterized by the 
presence of anti-GAD, islet cell or insulin antibodies which 
identify the autoimmune processes that lead to beta— cell 
destruction. In some subjects with this clinical form of 
diabetes, particularly non— Caucasians, no evidence of an 
autoimmune disorder is demonstrable and these are classified 
as "Type 1 idiopathic". Aetiological classification may be 
possible in some circumstances and not in others. Thus, the 
aetiological Type 1 process can be identified and 
sub— categorized if appropriate antibody determinations are 
performed. It is recognized that such measurements may be 
available only in certain centres at the present time. If these 
measurements are performed, then the classification of 
individual patients should reflect this. 
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5.2 Type 2 



Type 2 is the most common form of diabetes and is 
characterized by disorders of insulin action and insulin 
secretion, either of which may be the predominant feature. 
Both are usually present at the time that this form of diabetes 
is clinically manifest. By definition, the specific reasons for 
the development of these abnormalities are not yet known. 

5.3 Other specific types (Table 3) 

Other specific types are currently less common causes of 
diabetes mellitus, but are those in which the underlying defect 
or disease process can be identified in a relatively specific 
manner. They include, for example, fibrocalculous 
pancreatopathy, a form of diabetes which was formerly 
classified as one type of malnutrition-related diabetes 
mellitus. 
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6. Gestational Hyperglycaemia 
and Diabetes 



Gestational diabetes is carbohydrate intolerance resulting in 
hyperglycaemia of variable severity with onset or first 
recognition during pregnancy. It does not exclude the 
possibility that the glucose intolerance may antedate 
pregnancy but has been previously unrecognized. The 
definition applies irrespective of whether or not insulin is used 
for treatment or the condition persists after pregnancy. 

Women who become pregnant and who are known to have 
diabetes mellitus which antedates pregnancy do not have 
gestational diabetes but have "diabetes mellitus and 
pregnancy" and should be treated accordingly before, during, 
and after the pregnancy. 

In the early part of pregnancy (e.g. first trimester and first half 
of second trimester) fasting and postprandial glucose 
concentrations are normally lower than in normal, 
non-pregnant women. Elevated fasting or postprandial plasma 
glucose levels at this time in pregnancy may well reflect the 
presence of diabetes which has antedated pregnancy, but 
criteria for designating abnormally high glucose 
concentrations at this time have not yet been established. The 
occurrence of higher than usual plasma glucose levels at this 
time in pregnancy maridiites careful management and may be 
an indication for carrying out an OGTT (Annex 1). 
Nevertheless, normal glucose tolerance in the early part of 
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pregnancy does not itself establish that gestational diabetes 
may not develop later. 

Individuals at high risk for gestational diabetes include older 
women, those with previous history of glucose intolerance, 
those with a history of large for gestational age babies, women 
from certain high-risk ethnic groups, and any pregnant 
woman who has elevated fasting, or casual, blood glucose 
levels. It may be appropriate to screen pregnant women 
belonging to high-risk populations during the first trimester 
of pregnancy in order to detect previously undiagnosed 
diabetes mellitus. Formal systematic testing for gestational 
diabetes is usually done between 24 and 28 weeks of 
gestation. 

6.1 Diagnosis of gestational diabetes 

To determine if gestational diabetes is present in pregnant 
women, a standard OGTT should be performed after overnight 
fasting (8-14 hours) by giving 75 g anhydrous glucose in 
250-300 ml water (Annex 1). Plasma glucose is measured 
fasting and after 2 hours. Pregnant women who meet WHO 
criteria for diabetes mellitus or IGT are classified as having 
Gestational Diabetes Mellitus (GDM). After the pregnancy 
ends, the woman should be re-classified as having either 
diabetes mellitus, or IGT, or normal glucose tolerance based 
on the results of a 75 g OGTT six weeks or more after 
delivery. It should be emphasized that such women, regardless 
of the 6-week post-pregnancy result, are at increased risk of 
subsequently developing diabetes. The significance of IFG in 
pregnancy remains to be established. Any woman with IFG, 
however, should have a 75 g OGTT. 
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7. Description of aetiological types 



Patients with any form of diabetes may require insulin 
treatment at some stage of their disease. Such use of insulin 
does not, of itself, define the aetiological class. 

7.1 Type 1 (beta-cell destruction, usually 
leading to absolute insulin deficiency) 

7. 1. 1 Autoimmune Diabetes Mellitus 

This form of diabetes, previously encompassed by the terms 
insulin-dependent diabetes, Type 1 diabetes, or juvenile-onset 
diabetes, results from autoimmune mediated destruction of the 
beta cells of the pancreas. The rate of destruction is quite 
variable, being rapid in some individuals and slow in others 
(24). The rapidly progressive form is commonly observed in 
children, but also may occur in adults (25). The slowly 
progressive form generally occurs in adults and is sometimes 
referred to as latent autoimmune diabetes in adults (LAD A). 
Some patients, particularly children and adolescents, may 
present with ketoacidosis as the first manifestation of the 
disease (26). Others have modest fasting hyperglycaemia that 
can rapidly change to severe hyperglycaemia and/or 
ketoacidosis in the presence of infection or other stress. Still 
others, particularly adults, may retain residual beta-cell 
function, sufficient to prevent ketoacidosis, for many years 
(27). Individuals with this form of Type 1 diabetes often 
become dependent on insulin for survival eventually and are 
at risk for ketoacidosis (28). At this stage of the disease, there 
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is little or ho insulin secretion, as manifested by low or 
undetectable levels of plasma C-peptide (29). 

Markers of immune destruction, including islet cell 
autoantibodies, and/or autoantibodies to insulin, and 
autoantibodies to glutamic acid decarboxylase (GAD) are 
present in 85-90 % of individuals with Type 1 diabetes 
mellitus when fasting diabetic hyperglycaemia is initially 
detected (30). The peak incidence of this form of Type 1 
diabetes occurs in childhood and adolescence, but the onset 
may occur at any age, ranging from childhood to the ninth 
decade of life (31). There is a genetic predisposition to 
autoimmune destruction of beta cells, and it is also related to 
environmental factors that are still poorly defined. Although 
patients are usually not obese when they present with this type 
of diabetes, the presence of obesity is not incompatible with 
the diagnosis. These patients may also have other autoimmune 
disorders such as Graves' disease, Hashimoto's thyroiditis, 
and Addison's disease (32). 

7.1.2 Idiopathic 

There are some forms of Type 1 diabetes which have no 
known aetiology. Some of these patients have permanent 
insulinopenia and are prone to ketoacidosis, but have no 
evidence of autoimmunity (33). This form of diabetes is more 
common among individuals of African and Asian origin. In 
another form found in Africans an absolute requirement for 
insulin replacement therapy in affected patients may come and 
go, and patients periodically develop ketoacidosis (34). 
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7.2 Type 2 (predominantly insulin resistance 
with relative insulin deficiency or 
predominantly an insulin secretory defect 
with/without insulin resistance) 

Diabetes mellitus of this type previously encompassed 
non— insulin-dependent diabetes, or adult-onset diabetes. It is 
a term used for individuals who have relative (rather than 
absolute) insulin deficiency. People with this type of diabetes 
frequently are resistant to the action of insulin (35,36). At 
least initially, and often throughout their lifetime, these 
individuals do not need insulin treatment to survive. This form 
of diabetes is frequently undiagnosed for many years because 
the hyperglycaemia is often not severe enough to provoke 
noticeable symptoms of diabetes (37,38). Nevertheless, such 
patients are at increased risk of developing macrovascular and 
microvascular complications (37,38). There are probably 
several different mechanisms which result in this form of 
diabetes, and it is likely that the number of people in this 
category will decrease in the future as identification of 
specific pathogenetic processes and genetic defects permits 
better differentiation and a more definitive classification with 
movement into "Other types". Although the specific 
aetiologies of this form of diabetes are not known, by 
definition autoimmune destruction of the pancreas does not 
occur and patients do not have other known specific causes of 
diabetes listed in Tables 3-5. 

The majority of patients with this form of diabetes are obese, 
and obesity itself causes or aggravates insulin resistance 
(39,40). Many of those who are not obese by traditional 
weight criteria may have an increased percentage of body fat 
distributed predominantly in the abdominal region (41). 
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Ketoacidosis is infrequent in this type of diabetes; when seen 
it usually arises in association with the stress of another illness 
such as infection (42,43). Whereas patients with this form of 
diabetes may have insulin levels that appear normal or 
elevated, the high blood glucose levels in these diabetic 
patients would be expected to result in even higher insulin 
values had their beta-cell function been normal (44). Thus, 
insulin secretion is defective and insufficient to compensate 
for the insulin resistance. On the other hand, some individuals 
have essentially normal insulin action, but markedly impaired 
insulin secretion. Insulin sensitivity may be increased by 
weight reduction, increased physical activity, and/or 
pharmacological treatment of hyperglycaemia but is not 
restored to normal (45,46). The risk of developing Type 2 
diabetes increases with age, obesity, and lack of physical 
activity (47,48). It occurs more frequently in women with 
prior GDM and in individuals with hypertension or 
dyslipidaemia. Its frequency varies in different racial/ethnic 
subgroups (47-50). It is often associated with strong familial, 
likely genetic, predisposition (49-51). However, the genetics 
of this form of diabetes are complex and not clearly defined. 

Some patients who present with a clinical picture consistent 
with Type 2 diabetes have autoantibodies similar to those 
found in Type 1 diabetes, and may masquerade as Type 2 
diabetes if antibody determinations are not made. Patients who 
are non-obese or who have relatives with Type 1 diabetes and 
who are of Northern European origin may be suspected of 
haying late onset Type 1 diabetes. 
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7.3 Other Specific Types 

7.3.1 Genetic defects of beta-cell function 

Several forms of the diabetic state may be associated with 
monogenic defects in beta-cell function, frequently 
characterized by onset of mild hyperglycaemia at an early age 
(generally before age 25 years). They are usually inherited in 
an autosomal dominant pattern. Patients with these forms of 
diabetes, formerly referred to as maturity-onset diabetes of the 
young (MODY), have impaired insulin secretion with minimal 
or no defect in insulin action (52,53). Abnormalities at three 
genetic loci on different chromosomes have now been 
characterized. The most common form is associated with 
mutations on chromosome 12 in a hepatic nuclear 
transcription factor referred to as HNFla (54). A second form 
is associated with mutations in the glucokinase gene on 
chromosome 7p (55,56). Glucokinase converts glucose to 
glucose-6-phosphate, the metabolism of which in turn 
stimulates insulin secretion by the beta cell. Thus, glucokinase 
serves as the "glucose sensor" for the beta cell. Because of 
defects in the glucokinase gene, increased levels of glucose 
are necessary to elicit normal levels of insulin secretion. A 
third form is associated with a mutation in the HNF4a gene on 
chromosome 20q (57). HNF4a is a transcription factor which 
is involved in the regulation of the expression of HNFla. A 
fourth variant has recently been ascribed to mutations in 
another transcription factor gene, EPF— 1, which in its 
homozygous form leads to total pancreatic agenesis (58). 
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Specific genetic defects in other individuals who have a 
similar clinical presentation, are currently being defined. 

Point mutations in mitochondrial DNA have been found to be 
associated with diabetes mellitus and deafness (59). The most 
common mutation occurs at position 3243 in the tRNA 
leucine gene, leading to an A to G substitution. An identical 
lesion occurs in the MEL AS syndrome (Mitochondrial 
myopathy, Encephalopathy, Lactic Acidosis, and Stroke-like 
syndrome); however, diabetes is not part of this syndrome, 
suggesting for unknown reasons different phenotypic 
expressions of this genetic lesion (60). 

Genetic abnormalities that result in the inability to convert 
proinsulin to insulin have been identified in a few families. 
Such traits are usually inherited in an autosomal dominant 
pattern (61,62) and the resultant carbohydrate intolerance is 
mild. Similarly, mutant insulin molecules with impaired 
receptor binding have been identified in a few families. These 
are also associated with autosomal inheritance and either 
normal of only mildly impaired carbohydrate metabolism 
(63,64). 

7.3.2 Genetic defects in insulin action 

There are some unusual causes of diabetes which result from 
genetically determined abnormalities of insulin action. The 
metabolic abnormalities associated with mutations of the 
insuiin receptor may range from H^efinstiiiiikemi^ Slid 
modest hyperglycaemia to symptomatic diabetes (65,66). 
Some individuals with these mutations have acanthosis 
nigricans. Women may have virilization and have enlarged, 
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cystic ovaries. In the past, this syndrome was termed Type A 
insulin resistance (65). Leprechaunism and Rabson- 
Mendenhall syndrome are two paediatric syndromes that have 
mutations in the insulin receptor gene with subsequent 
alterations in insulin receptor function and extreme insulin 
resistance (66). The former has characteristic facial features 
while the latter is associated with abnormalities of teeth and 
nails and pineal gland hyperplasia. 

7.3.3 Diseases of the exocrine pancreas 

Any process that diffusely injures the pancreas can cause 
diabetes. Acquired processes include pancreatitis, trauma, 
infection, pancreatic carcinoma, and pancreatectomy (67,68). 
With the exception of cancer, damage to the pancreas must be 
extensive for diabetes to occur. However, adenocarcinomas 
that involve only a small portion of the pancreas have been 
associated with diabetes. This implies a mechanism other than 
simple reduction in beta-cell mass (69). If extensive enough, 
cystic fibrosis and haemochromatosis will also damage beta 
cells and impair insulin secretion (70,71). Fibrocalculous 
pancreatopathy may be accompanied by abdominal pain 
radiating to the back and pancreatic calcification on X-ray and 
ductal dilatation (72). Pancreatic fibrosis and calcified stones 
in the exocrine ducts are found at autopsy. 

7.3.4 Endocrinopathies 

Several hormones (e.g. growth hormone, Cortisol, glucagon, 
epinephrine) antagonize insulin action. Diseases associated 
with excess secretion of these hormones can cause diabetes 
(e.g. Acromegaly, Cushing's Syndrome, Glucagonoma and 
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Phaeochromocytoma) (73). These forms df hyperglycaemia 
typically resolve when; the hormone excess is removed. 

Somatostatinoma, and aldosterononiar-induced hypokalaemia, 
can cause diabetes, at least in part by inhibiting insulin 
secretion (74,75). Hyperglycaemia generally resolves 
following successful removal of the tumour. 

7.3.5 Drug- or chemical-induced diabetes 

Many drugs can impair insulin secretion. These drugs may 
not, by themselves; cause diabetes but they may precipitate 
diabetes in persons with insiilih resistance (76,77). In such 
cases, the classification is ambiguous, as the primacy of 
beta-cell dysfunction or insulin resistance is unknown. 
Certain toxins such as Vacor (a rat poison) and pentamidine 
can permanently destroy pancreatic beta cells (78-80). 
Fortunately, such drug reactions are rare. There are also many 
drugs and hormones which can impair insulin action. 
Examples include nicotinic acid and glucocorticoids (71,72). 
The list shown in Table 4 is not all-inclusive, but reflects the 
more commonly recognized drug—, hormone—, or 
toxin-induced forms of diabetes and hyperglycaemia, 

7.3.6 Infections 

Certain viruses have been associated with beta-cell 
destruction. Diabetes occurs in some patients with congenital 
rubella (81). In addition, Coxsackie B, cytomegalovirus and 
other viruses (e.g. adenovirus and mumps) have been 
implicated in inducing the disease (82-84). 
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7.3.7 Uncommon but specific forms of 

immune-mediated diabetes mellitus 

Diabetes may be associated with several immunological 
diseases with a pathogenesis or aetiology different from that 
which leads to the Type 1 diabetes process. Postprandial 
hyperglycaemia of a severity sufficient to fulfil the criteria for 
diabetes has been reported in rare individuals who 
spontaneously develop insulin autoantibodies (85,86). 
However, these individuals generally present with symptoms 
of hypoglycaemia rather than hyperglycaemia. The "stiff man 
syndrome" is an autoimmune disorder of the central nervous 
system, characterized by stiffness of the axial muscles with 
painful spasms (87). Affected people usually have high titres 
of the GAD autoantibodies and approximately one-half will 
develop diabetes. Patients receiving interferon alpha have 
been reported to develop diabetes associated with islet cell 
autoantibodies and, in certain instances, severe insulin 
deficiency (88). 

Anti-insulin receptor antibodies can cause diabetes by binding 
to the insulin receptor, thereby reducing the binding of insulin 
to target tissues (89). However, these antibodies also can act 
as an insulin agonist after binding to the receptor and can 
thereby cause hypoglycaemia (90). Anti— insulin receptor 
antibodies are occasionally found in patients with systemic 
lupus erythematosus and other autoimmune diseases (91). As 
in other states of extreme insulin resistance, patients with 
anti— insulin receptor antibodies often have acanthosis 
nigricans. In the past, this syndrome was termed Type B 
insulin resistance. 
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7.3.8 Other genetic syndromes sometimes associated 
with diabetes 



Many genetic syndromes are accompanied by an increased 
incidence of diabetes mellitus. These include the 
chromosomal abnormalities of Down's syndrome, 
Klinefelter's syndrome and Turner's syndrome; Wolfram's 
syndrome is an autosomal recessive disorder characterized by 
insulin-deficient diabetes and the absence of beta cells at 
autopsy (92). Additional manifestations include diabetes 
insipidus, hypogonadism, optic atrophy, and neural deafness. 
These and other similar disorders are listed in Table 5. 
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8. The Metabolic Syndrome 



A major classification, diagnostic and therapeutic challenge is 
the person with hypertension, central (upper body) obesity, 
and dyslipidaemia, with or without hyperglycaemia. This 
group of people is at high risk of macrovascular disease (22). 

Often a person with abnormal glucose tolerance (IGT or 
diabetes) will be found to have at least one or more of the 
other cardiovascular disease (CVD) risk components (22). 
This clustering has been labelled variously as Syndrome X 
(22), the Insulin Resistance Syndrome (47), or the Metabolic 
Syndrome (47). 

Epidemiological studies confirm that this syndrome occurs 
commonly in a wide variety of ethnic groups including 
Caucasians, Afro- Americans, Mexican-Americans, Asian 
Indians, Chinese, Australian Aborigines, Polynesians and 
Micronesians (47,93). In 1988 Reaven focused attention on 
this cluster, naming it Syndrome X (22). Central obesity was 
not included in the original description so the term Metabolic 
Syndrome is now favoured. 

Evidence is accumulating that insulin resistance may be the 
common aetiological factor for the individual components of 
the Metabolic Syndrome (47,93,94), although there appears to 
be heterogeneity in the strength of the insulin resistance 
relationship with different components between, and even 
within, populations. Alone, each component of the cluster 
conveys increased CVD risk, but as a combination they 
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become much more powerful (95). This means that the 
management of persons with hyperglycaemia and other 
features of the Metabolic Syndrome should focus not only on 
blood glucose control but also include strategies for reduction 
of the other CVD risk factors (96). 

It is well documented that the features of the Metabolic 
Syndrome can be present for up to 10 years before detection 
of the glycaemic disorders (97). This is important in relation 
to the aetiology of the hyperglycaemia and the associated 
CVD risk, and the potential to prevent CVD and its morbidity 
and mortality in persons with glucose intolerance. 

The Metabolic Syndrome with normal glucose tolerance 
identifies the subject as a member of a group at very high risk 
of future diabetes. Thus, vigorous early management of the 
syndrome may have a significant impact on the prevention of 
both diabetes and cardiovascular disease (98). 

8.1 Definition 

There is no internationally agreed definition for the Metabolic 
Syndrome. The following, which does not amply causal 
relationships, is suggested as a working definition to be 
improved upon in due course: glucose intolerance, IGT or 
diabetes mellitus and/or insulin resistance together with two 
or more of the other components listed below: 

• Impaired glucose regulation or diabetes (see Table 1) 
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• Insulin resistance (under hyperinsulinaemic, 
euglycaemic conditions, glucose uptake below lowest 
quartile for background population under investigation) 

• Raised arterial pressure ^ 140/90 mmHg 

• Raised plasma triglycerides (^1.7 mmol l" 1 ; 150 
mg dl" 1 ) and/or low HDL-cholesterol (< 0.9 mmol l" 1 , 
35 mg dl" 1 men; < 1.0 mmol l" 1 , 39 mg dl" 1 women) 

• Central obesity (males: waist to hip ratio > 0.90; 
females: waist to hip ratio > 0.85) and/or BMI > 30 
kgm -2 

• Microalbuminuria (urinary albumin excretion rate 
*20 ^ig min -1 or albumin: creatinine ratio ;> 30 mg g" 1 ) 

• Several other components of the Metabolic Syndrome 
have been described (e.g. hyperuricaemia, coagulation 
disorders, raised PAI-1, etc.) but they are not 
necessary for the recognition of the condition. 



8.2 Future needs 



A clear description of the essential components of the 
syndrome is needed together with data to support the relative 
importance of each component. Internationally agreed criteria 
for central obesity, insulin resistance and hyperinsulinaemia 
would be of major assistance. 
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Annex 1 



The Oral Glucose Tolerance Test 

The oral glucose tolerance test (OGTT) is principally used for 
diagnosis when, blood glucose levels are equivocal, during 
pregnancy, or in epidemiological studies. 

The OGTT should be administered in the morning after at least 
three days of unrestricted diet (greater than 1 50 g of carbohydrate 
daily) and usual physical activity. Recent evidence suggests that a 
reasonable (30-50g) carbohydrate containing meal should be 
consumed on the evening before the test. The test should be 
preceded by an overnight fast of 8-14 hours, during which water 
may be drunk. Smoking is not permitted during the test. The 
presence of factors that influence interpretation of the results of the 
test must be recorded (e.g. medications, inactivity, infection, etc.). 

After collection of the fasting blood sample, the subject should drink 
75 g of anhydrous glucose or 82.5 g of glucose monohydrate (or 
partial hydrolysates of starch of the equivalent carbohydrate 
content) in 250-300 ml of water over the course of 5 minutes. For 
children, the test load should be 1 .75 g of glucose per kg body 
weight up to a total of 75 g of glucose. Timing of the test is from the 
beginning of the drink. Blood samples must be collected 2 hours 
after the test load. 

Unless the glucose concentration can be determined immediately, 
the blood sample should be collected in a tube containing sodium 
fluoride (6 mg per ml whole blood) and immediately centrifuged to 
separate the plasma; the plasma should be frozen until the glucose 
concentration can be estimated. For interpretation of results, refer 
to Table 1 . 
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Annex 2 



Methods for measuring substances in blood and urine 

Measurement of glucose in blood 

Reductiometric methods (the Somogyi-Nelson, the ferricyanide 
and neocuprine autoanalyser methods) are still in use for blood 
glucose measurement. The o-toluidine method also remains in 
use but enzyme-based methods are widely available, for both 
laboratory and near-patient use. Highly accurate and rapid (1-2 
min) devices are now available based on immobilized glucose 
oxidase electrodes. Hexokinase and glucose dehydrogenase 
methods are used for reference. 

Whole blood samples preserved with fluoride show an initial 
rapid fall in glucose of up to 10 % at room temperature, but 
subsequent decline is slow; centrifugation prevents the initial 
fall. Whole blood glucose values are 15 % lower than 
corresponding plasma values in patients with a normal 
haematocrit reading, and arterial values are about 7 % higher 
than corresponding venous values. 

The use of reagent-strip glucose oxidase methods has made 
bedside estimation of blood glucose very popular. However, the 
cost of the reagent-strips remains high. Some methods still 
require punctilious technique, accurate timing, and storage of 
strips in airtight containers. Reasonably quantitative results can 
be obtained even with visual colour-matching techniques. 
Electrochemical and reflectance meters can give coefficients of 
variation of well under 5 %. Reagent-strip methods have been 
validated under tropical conditions, but are sensitive to extreme 
climatic conditions. Diabetes may be strongly suspected from 
the results of reagent-strip glucose estimation, but the 
diagnosis cannot be confidently excluded by the use of this 
method. Confirmation of diagnosis requires estimation by 
laboratory methods. 

Patients can easily collect small blood samples themselves 
(either in specially prepared plastic or glass capillary tubes or on 
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filter-paper), and self-monitoring using glucose reagent-strips 
with direct colour-matching or meters is now widely practised. 
Patients should be properly trained in the appropriate techniques 
to avoid inaccurate or misleading results. 

The insulin-treated patient is commonly requested to build up 
a "glycaemic projfile" by self-measurement of blood glucose at 
specific times' of the day (and night). A "7-point profile" is 
useful, with samples taken before and 90 min after breakfast, 
before and 90 min after lunch, before and 90 min after an 
evening meal, and just before going to bed. Occasionally 
patients may arrange to wake at 0300 h to collect and measure 
a nocturnal sample. The complete profile rarely needs to be 
collected within a single 24-hour period, and it may be 
compiled from samples collected at different times over several 
days. 

Measurement of glucose in urine 

Insulin-treated patients who do not have access to facilities for 
se if- m easurement of blood glucose should test urine samples 
passed after rising, before main meals, and before going to bed. 
Non-insulin-dependent patients do not need to monitor their 
urine so frequently. Urine tests are of somewhat limited value, 
however, because of the great variation in urine glucose 
concentration for given levels of blood glucose. The correlation 
between blood and urine glucose may be improved a little by 
collecting short-term fractions (1 5-30 min) of the urine output. 
Benedict's quantitative solution or self-boiling, caustic 
soda/copper sulphate tablets may be used or the more 
convenient, but costly* semi-quantitative enzyme-based 
test-strips. 

Ketone bodies in urine and blood 

The appearance of persistent ketonuria associated with 
hyperglycemia or n jgn levels of glycosuria in the diabetic 
patient points to an unacceptably severe level of metabolic 
disturbance and indicates an urgent need for corrective action. 
The pgtient should be advised to test for ketone bodies 
(acetone and aceto-acetic acid) when tests for glucose are 
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repeatedly positive, or when there is substantial disturbance of 
health, particularly with infections. Rothera's sodium 
nitroprusside test may be used or, alternatively, reagent-strips 
that are sensitive to ketones. In emergency situations such as 
diabetic ketoacidosis, a greatly raised concentration of plasma 
ketones can be detected with a reagent-strip and roughly 
quantified by, serial 1 in 2 dilution of plasma with water. 
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Table 2. Aetiological Classification of Disorders of 
Glycaemia* 



Type 1 (beta-cell destruction, usually leading to absolute 
insulin deficiency) 
Autoimmune 
Idiopathic 

Type 2 (may range from predominantly insulin resistance 
with relative insulin deficiency to a predominantly secretory 
defect with or without insulin resistance) 

Other specific types (see Table 3) 

Genetic defects of beta-cell function 

Genetic defects in insulin action 

Diseases of the exocrine pancreas 

Endocrinopathies 

Drug- or chemical-induced 

Infections 

Uncommon forms of immune-mediated diabetes 
Other genetic syndromes sometimes associated with 
diabetes 

Gestational diabetes 4 * 



*As additional subtypes are discovered it is anticipated that 
they will be reclassified within their own specific category. 

"Includes the former categories of gestational impaired 
glucose tolerance and gestational diabetes. 



fable 3. Other Specific Types of Diabetes 



Genetic defects of beta-cell function 

Chromosome 20, HNF4a (MODYi j . : 
Chromosome 7, glucokinase (MODY2) , 
Chromosome 12, HNF1 a (MODY3) 
Chromosome 13, IPF-1 (MODY4) 
Mitochondrial DNA 3243 mutation 
Others 

Genetic defects in insulin action 

Type A insulin resistance 
Leprechaunism 

Rabson-Mendenhall syndrome 
Lipoatrophic diabetes 
Others 

Diseases of the exocrine pancreas 

Fibrocalculpus pancreatopathy 
Pancreatitis 

Trauma / pancreatectomy 
Neoplasia 
Cystic fibrosis 
Haemochromatosis 
Others - 

End ocri nopath ies 

Cushing's syndrome 
Acromegaly 
. Phaeochromocytoma r . 
Glucagpnoma 
Hyperthyroidism 
Somatpstatinoma 
Others 

— - (Continued on page 55) 
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Table 3 (continued) 



Drug- or chemical-induced (see Table 4) 

Infections 

Congenital rubella 

Cytomegalovirus 

Others 

Uncommon forms of immune-mediated diabetes 

Insulin autoimmune syndrome (antibodies to insulin) 
Anti-insulin receptor antibodies 
"Stiff Man" syndrome 
Others 

Other genetic syndromes (see Table 5) 



Table 4. Drug- or Chemical-induced Diabetes 



Nicotinic acid 

Glucocorticoids 

Thyroid hormone 

Alpha-adrenergic agonists 

Beta-adrenergic agonists 

Thiazides 

Dilantin 

Pentamidine 

Vacor 

Interferon-alpha therapy 
Others 



Table 5. Other Genetic Syndromes Sometimes 
Associated with Diabetes 



Down's syndrome 
Friedreich's ataxia 
Huntington's chorea 
Klinefelter's syndrome 
Lawrence-Moon-Biedel syndrome 
Myotonic dystrophy 
Porphyria 

Prader-Willi syndrome 
Turner's syndrome 
Wolfram's syndrome 
Others 



Figure 1: Unstandardized (casual, random) blood glucose 
values in the diagnosis of diabetes in mmol I" 1 (mg dl" 1 ). 
Taken from the 1985 WHO Study Group Report (3). 
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Figure 2: Disorders of glycaemia: aetiologicat types and 
clinical stages. 
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* In rare instances patients in these categories (e.g. Vacor Toxicity, Type 1 presenting in 
pregnancy, etc.) may require insulin for survival. 
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Increased Susceptibility to Streptozotocin-Induced p-Cell Apoptosis 
and Delayed Autoimmune Diabetes in Alkylpurine- 
DNA-iV-Glycosylase-Deficient Mice 
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Type 1 diabetes is thought to occur as a result of the loss of insulin-producing pancreatic p cells by an 
environmentally triggered autoimmune reaction. In rodent models of diabetes, strep tozotocin (STZ), a geno- 
toxic methylating agent that is targeted to the p cells, is used to trigger the initial cell death. High single doses 
of STZ cause extensive p-cell necrosis, while multiple low doses induce limited apoptosis, which elicits an 
autoimmune reaction that eliminates the remaining cells. We now show that in mice lacking the DNA repair 
enzyme altylpurine-DNA-iV-glycosylase (APNG), p-cell necrosis was markedly attenuated after a single dose of 
STZ. This is most probably due to the reduction in the frequency of base excision repair-induced strand breaks 
and the consequent activation of poly(ADP-ribose) polymerase (PARP), which results in catastrophic ATP 
depletion and cell necrosis. Indeed, PARP activity was not induced in APNG" 7 '" islet cells following treatment 
with STZ in vitro. However, 48 h after STZ treatment, there was a peak of apoptosis in the p cells of APNG~ /_ 
mice. Apoptosis was not observed in PARP-inhibited APNG*'* mice, suggesting that apoptotic pathways are 
activated in the absence of significant numbers of DNA strand breaks. Interestingly, STZ-treated APNG*" 7 "" 
mice succumbed to diabetes 8 months after treatment, in contrast to previous work with PARP inhibitors, 
where a high incidence of p-cell tumors was observed. In the multiple-low-dose model, STZ induced diabetes 
in both APNG _/ ~ and APNG +/+ mice; however, the initial peak of apoptosis was 2.5-fold greater in the 
APNG" 7 "" mice. We conclude that APNG substrates are diabetogenic but by different mechanisms according 
to the status of APNG activity. 



Type 1 diabetes occurs in a genetically susceptible human 
population as a result of the loss of the insulin-producing 
pancreatic p cells. The disease is thought to be triggered by an 
environmental agent(s) that initiates processes leading to an 
eventual p-cell-destructive autoimmune response (6, 12, 14). 
In animal models of the disease, the first observable abnor- 
mality is an initial low level of p-cell death (27, 28) that primes 
antigen-presenting cells such as dendritic cells and macro- 
phages (19). This leads to the proliferation of autoreactive 
lymphocytes and the ensuing selective elimination of the re- 
maining p cells. 

Much of what is known about the cellular mechanisms lead- 
ing to type 1 diabetes has come from the study of both the 
nonobese diabetic (NOD) mouse and the use of the methylat- 
ing agent streptozotocin [2-deoxy-2-(3-methyl-3-nitrosourea)- 
1-D-glucopyranose] (STZ) as the environmental trigger for the 
disease. STZ is actively transported into pancreatic p cells via 
the Glut-2 glucose transporter. It reacts at many sites in DNA 
but in particular at the ring nitrogen and exocyclic oxygen 
atoms of the DNA bases, predominantly producing 7-methyl- 
guanine, 3-methyladenine (3-meA), and 0 6 -methylguanine ad- 
ducts (1, 37). 3-meA and 7-methylguanine are removed by the 
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action of alkylpurine-DNA-AT-grycosylase (APNG) (also re- 
ferred to as 3-methyladenine DNA glycosylase), leaving an 
apurinic/apyrimidinic (AP) site that is acted upon by an AP 
endonuclease. The resulting DNA strand breaks activate poly- 
(ADP-ribose) polymerase (PARP), which synthesizes poly- 
mers of ADP-ribose from NAD"*", modifying acceptor proteins 
at the site of DNA damage (38). PARP is thus part of a protein 
complex that includes XRCC1, DNA polymerase p, and DNA 
ligase III and is required for the efficient resynthesis and liga- 
tion steps of base excision repair (5). 

Therefore, a single high dose of STZ will produce a large 
number of DNA strand breaks, leading to the overactivation of 
PARP. This results in a catastrophic fall in cellular NAD 4 " 
levels and thus to nonphysiological concentrations of ATP, 
loss of membrane integrity, and necrotic p-cell death (30). In 
agreement with this, mice deficient in PARP or treated with 
PARP inhibitors are protected from STZ-induced p-cell ne- 
crosis and do not develop hyperglycemia (2, 25, 33). However, 
although the initial destruction of the p cells can be avoided by 
the use of PARP inhibitors, the resulting long-term biological 
consequence of this is the development of a high incidence of 
pancreatic p-cell tumors (36, 40). Conversely, a regimen of five 
daily subdiabetogenic doses of STZ (the multiple-low-dose 
STZ model, MLDS) induces a peak of apoptotic p-cell death 
after 5 days of STZ treatment (27), while a second peak of 
apoptosis is seen at 11 days, when lymphocytic infiltration of 
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the islet occurs. The preimmune stage of p-cell apoptosis has 
also been reported to occur in the NOD mouse model (28). 
However, the molecular mechanisms leading to the initial peak 
of STZ-induced p-cell apoptosis in the MLDS model are un- 
clear, and it is also unknown whether the initial induction of 
p-cell apoptosis is important in triggering the resulting auto- 
immune reaction. 

Thus, while the role of PARP in STZ-induced p-cell death 
has been studied extensively, we were interested in determin- 
ing the role of APNG in modulating both the cytotoxic effects 
of a single high dose of STZ and its effect in the MLDS model 
of diabetes. Using a recently described APNG-deficient mouse 
strain (8), our results showed that although APNG _/ ~ mice 
were substantially resistant to single, high-dose STZ-induced 
p-cell necrosis and the initial onset of diabetes, a smaller peak 
of p-cell apoptosis was observed 48 h after treatment. How- 
ever, analogous to the onset of autoimmune diabetes in the 
NOD mouse model but in contrast to that reported for PARP- 
inhibited animals, the STZ-treated APNG _/ ~ mice eventually 
succumbed to diabetes after several months due to a marked 
autoimmune reaction. Additionally, in the MLDS model of 
diabetes, the APNG -/ ~ mice also exhibited an initial increased 
sensitivity to p-cell apoptosis. 

MATERIALS AND METHODS 

Mice. APNG"'" mice were generated as previously described (8). They 
were backcrossed onto a C57BL/6J background for nine generations, and the 
APNG +/ ~ mice thus generated were crossed to yield the male mice used in these 
experiments. All animal experiments were carried out under the Animals (Sci- 
entific Procedures) Act 1986, in the United Kingdom. 

Animal dosing. STZ (Sigma) was dissolved in sodium citrate buffer (pH 4.5) 
and injected intraperitoneally, either as a single high dose of 140 mg/kg or, for 
the MLDS experiments, as five daily doses of 40 mg/kg. In some experiments, 30 
min before STZ treatment, 3-aminobenzamide (3-ab; Sigma) prepared in 0.9% 
saline was administered by intravenous injection at a dose of 340 mg/kg of body 
weight Control animals were similarly injected with vehicle only. 

Determination of pancreatic insulin and glucose levels. Pancreata were dis- 
sected; either they were placed entirely in 10 ml of acidified ethanol, or they were 
divided longitudinally and one half was placed in acidified ethanol while the 
other was prepared for histological examination. For insulin extraction, the organ 
was cut into small pieces and then sonicated twice for 30 s at 216 u,m (peak-to- 
peak amplitude; Heat Systems). The sonicated material was kept at 4°C for 16 h 
to extract the insulin and then aliquoted for storage at — 20°C. The insulin 
concentration was measured by radioimmunoassay, using rat insulin as the stan- 
dard as previously described (15). The blood glucose level was determined by 
reflectance photometry (Glucotrend blood glucose meter; Boehringer Mann- 
heim) in conjunction with oxidoreductase reaction strips (Glucotrend glucose 
strips; Roche). 

Histological examination of pancreata. Mice were sacrificed at 8, 12, 24, 48, 
and 96 h after STZ treatment At autopsy, the pancreata were fixed in 4% 
paraformaldehyde in 0.1 M cacodylate buffer (pH 7.2), processed for paraffin 
embedding, sectioned (3 p-m), and stained with hematoxylin-eosin. The percent- 
age of morphologically abnormal B cells was calculated by scoring 500 to 1,000 
islet cells per animal and was used as an indication of p-cell death. Scoring p-cell 
apoptosis using p-cell-spectfic stains was not appropriate since the cytoplasmic 
and nuclear morphology was not good enough when these methods were used. 
Since necrotic and apoptotic nuclei are smaller than normal nuclei, the morpho- 
logical scoring can be regarded as only semiquantitative. Therefore, apoptosis 
and necrosis was confirmed by transmission electron microscopy. Mice were 
perfused with 4% paraformaldehyde in 0.1 M cacodylate buffer (pH 7.2), and 1- 
by 3-mm slices of pancreas were transferred to 3% glutaraldehyde in 0.1 M 
sodium cacodylate buffer (pH 7.2) for 3 h, resin embedded, and stained for 
electron microscopy as previously described (20). 

Immunohistochemistry. (i) Insulin. Formalin-fixed pancreata were embedded 
in paraffin, and 3-p.m-thick sections were cut and mounted onto 3-aminopropyl- 
triethoxysilane-coated slides. After being dewaxed through xylene and absolute 
ethanol, the slides were rehydrated through decreasing concentrations of ethanol 



(100, 90, 70, and 40%) and rinsed in distilled water. The slides were washed 
thoroughly in Tris-buffered saline (pH 75) (TBS), and endogenous peroxidase 
was blocked by incubation with 3% H 2 O a in TBS for 20 min. The slides were 
again washed in water and TBS and incubated with 5% normal rabbit serum for 
20 min, before being exposed to the primary antibody, a polyclonal guinea pig 
anti-swine insulin (1:4 dilution; Dako) at 4°C overnight. After being washed in 
TBS, the slides were incubated with the secondary antibody, biotinylated rabbit 
anti-guinea pig immunoglobulins (1:200 dilution; Dako) for 30 min at room 
temperature, washed in TBS, and incubated with an avidin-biotin-horseradish 
peroxidase complex (Dako) for 40 min at room temperature. The antibody- 
antigen complexes were visualized by 3 ,3-di arm no benzidine (Sigma) staining for 
5 min. Finally, the slides were counte retained with hematoxylin, dehydrated, and 
mounted. 

(ti) T-cell markers CD4 and CD8. Pancreata were snap frozen in liquid 
nitrogen, and 4- to 5-jim sections were prepared. The sections were then fixed in 
cold acetone for 10 min, air dried, and washed in TBS. Endogenous peroxidase 
was blocked as above. The sections were incubated with 5% normal rabbit serum 
for 20 min and then exposed overnight to one of the primary antibodies, either 
rat anti-mouse CD4 + , or rat anti-mouse CD8 + (BD PharMingen), at 2 jig/ml. 
After being washed in TBS, the sections were incubated with biotinylated rabbit 
anti-rat immunoglobulins (1:300 dilution; Dako) for 30 min at room tempera- 
ture. Treatment with avidin-biotin-horseradish peroxidase and then 3,3-diami- 
nobenzidine was as used for the detection of insulin. 

Isolation of pancreatic islets and treatment with STZ. Islets were isolated 
using the method of Lake et al. (22). Using this method, 150 to 200 islets could 
be reliably obtained. Groups of 150 freshly isolated islets (one animal) were 
incubated for 30 min in 2.2 mM STZ in Ham's F-10 medium (Life Technologies) 
or in medium only. 

Isolation of islet nuclei and estimation of PARP activity. PARP activity in 
isolated islets was measured essentially as previously described (3). Briefly, fol- 
lowing STZ treatment the islets were washed in Ham's F-10 medium and 
resuspended in a solution containing 250 mM sucrose, 10 mM HEPES (pH 7.4), 
2.5 mM EDTA, 2 mM cysteine, and 0.02% bovine serum albumin. The islets 
were left on ice for 5 min to lyse and then dispersed by rapid pipetting. The nuclei 
were pelleted by centrifugation at 1,000 x g for 3 min and resuspended in 100 uJ 
of buffer (50 mM Tris-HCl [pH 7.5], 30% glycerol, 1 mM EDTA, 0.5 mM EGTA) 
and added to an equal volume of 100 mM Tris-HCl (pH 8.0)-20 mM 2-mercap- 
toethanoMO mM MgCl 2 containing 5 u-Ci of [2,5,8- 3 H JNAD (Amcrsham Phar- 
macia Biotech). The mixture was vortexed briefly and incubated for 30 min at 
37*C; then 1 ml of ice-cold stop solution (10% trichloroacetic acid, 2% sodium 
pyrophosphate decahydrate) was added. The samples were left on ice for 45 min 
and then centrifuged at 12,000 x g for 10 min. The supernatant was aspirated, 
and the pellet was washed three more times with 1 ml of stop solution and then 
once in 0.6 M perchloric acid. The pellet resuspended and left overnight in 200 
uJ of 0.04 N NaOH. A portion (150 uJ) of the solution was added to a scintillant, 
and the amount of radioactivity present was measured in a scintillation counter. 
The remainder of the solution was used to measure DNA content as previously 
described (21). Results are expressed as femtomoles of NAD'*' incorporated per 
minute per microgram of DNA 

Statistical analysis. The results obtained with groups from each study were 
first analyzed using analysis of variance. Groups that showed differences were 
further analyzed by Student's / test 



RESULTS 

Effect of APNG deletion on p-cell survival following a single 
high dose of STZ. To test our hypothesis that APNG-deleted 
mice should be resistant to STZ-induced necrosis of pancreatic 
P cells, normal mice (APNG +/ " ,_ ) and mice heterozygous 
(APNG +/ ") or homozygous (APNG" /_ ) for the APNG null 
mutation were injected with a single dose of STZ (140 mg/kg) 
and scored for islet cell morphology by light microscopy. Un- 
der light microscopy, necrotic islet cells could be easily iden- 
tified by their pyenotic nuclei and fragmented cytoplasm (Fig. 
1A). For the three mouse strains, the difference in the number 
of necrotic islet cells after treatment was striking (Fig. 2A). At 
8 h after the STZ dose, 60% of the cells from normal mice 
showed nuclear pyenosis whereas fewer than 5% of the cells 
from APNG~'~ mice did so. In normal mice, the number of 
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FIG. 1. Light and electron microscopy of sections of pancreatic islets at 8 and 48 h after the STZ dose (140 mg/kg). (A and B) Light microscopy 
of islet cells from APNG +/+ mice reveals extensive necrosis with fragmented nuclei (arrow) at 8 h postdose (A), while electron microscopy shows 
nuclei clumped with ill-defined edges (arrow) and karyolysis, indicative of necrosis (B). (C) In contrast, light microscopy of islets from APNG _/ " 
mice 48 h postdose showed increased numbers of apoptotic islet cells with shrunken cytoplasm and intact nuclear and cytoplasmic membranes. 
Nuclei were clumped into well-defined masses marginated against the nuclear membrane (arrow). (D) Electron microscopy of the APNG -/ " 
STZ-treated islets showed cells with condensed nuclear bodies (arrow), intact membranes, and condensed cytoplasm containing insulin granules 
(arrowhead), indicative of an apoptotic (3 cell. Magnification, X400 (A and C); bar, 10 jjim; X 2,800 (B and D); bar, 2 p,m. 



islet cells containing pycnotic nuclei was reduced to back- 
ground levels over the next 2 days. No delayed increase in 
nuclear pycnosis was observed in the islets from APNG~ /_ 
mice (Fig. 2A). Interestingly, there was a gene dosage effect, 
with islet cells from APNG^" mice exhibiting approximately 
half the normal level of nuclear pycnosis at 8, 12, and 24 h 
postdose, although this was statistically significant only for the 
8- and 12-h values. 

The primary mode of cell death for islet cells from STZ- 
treated APNG +/ "*" mice was confirmed to be necrosis by trans- 
mission electron microscopy (Fig. IB). The necrotic p cells 
displayed clumping of the chromatin with ill-defined edges and 
karyolysis, while the mitochondria were swollen. At 24 h post- 



dose, most of the p cells were dead, leaving an area of necrosis 
at the center of the islets. In contrast, the islets of APNG~ /_ 
mice at 8 h postdose contained only an occasional necrotic p 
cell. However, in APNG _/ ~ mice and to a lesser extent in 
APNG"*" 7- mice, significant numbers of apoptotic islet cells 
were seen from 24 h, with a peak at 48 h postdose (Fig. 2B). 
Under light microscopy, hematoxylin-and-eosin-stained apo- 
ptotic p cells could be identified by their chromatin morphol- 
ogy, size, and cytoplasmic staining (Fig. 1C). Apoptotic nuclei 
were either clumped and marginated or fragmented into reg- 
ularly shaped membrane-bound bodies. Apoptotic cells ap- 
peared shrunken and more densely eosinophilic. Apoptosis 
was confirmed by transmission electron microscopy; apoptotic 
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FIG. 2. Proportion of islet cells showing nuclear pycnosis consistent 
with necrosis (A) and islet cell apoptosis (B) in APNG +/+ , APNG +/ ~, 
and APNG~'~ mice 8 to 96 h after a single injection of STZ (140 
mg/kg). Each data point represents the mean and standard error of the 
mean for 500 islet cells from four animals. 

cells appeared shrunken but retained intact nuclear and cell 
membranes (Fig. ID). Nuclear chromatin was clumped into 
well-defined masses marginated against the nuclear membrane 
or in separate membrane-bound bodies. Apoptotic islet cells 
stained positive for insulin, confirming that they were p cells 
(data not shown). 

Effect of APNG deletion on PARP activation. To confirm 
that APNG deletion attenuated the activation of PARP, 
thereby maintaining cellular ATP levels and preventing the 
initial catastrophic necrosis, pancreatic islets were isolated 
from APNG V/+ and APNG~ /_ mice and treated with STZ in 
vitro. Measurement of PARP activity made by the incorpora- 
tion of [ 3 H]NAD + into poly(ADP-ribose) polymers showed 
that APNG~ /_ islets had significantly less PARP activity after 
STZ treatment than did APNG +/+ islets (P < 0.01) and were 
not significantly different from untreated controls (P = 0.19) 
(Fig. 3). Therefore, since DNA strand breaks are required for 
PARP activation, this result indicates that the bulk of the 
STZ-induced DNA base adducts were not repaired by base 
excision in the absence of APNG. It is reasonable to suggest 
that the persistence of at least a subset of these adducts could 
be responsible for the apoptotic response observed in the 
APNG _/ " mice. 




APNG+/+ 1 APNG-/- 



FIG. 3. PARP activity in islets isolated from APNG +/+ and APNG~ /_ 
mice. PARP activity was measured in islet cells following incubation 
for 30 min in 2.2 mM STZ or medium alone. While PARP activity was 
significantly increased in STZ-treated islets from APNG +/+ mice com- 
pared to untreated controls (P < 0.001), there was no significant 
difference in PARP activity between STZ-treated and control islets 
from APNG"' - mice. Error bars indicated the mean ± standard de- 
viation. 

Effect of APNG deletion on high-dose-STZ-induced diabe- 
tes. The pancreatic insulin content was measured at 8 and 96 h 
to give an indication of the extent of pancreatic p-cell destruc- 
tion after a single high dose of STZ. Figure 4 shows that at 8 h, 
pancreatic insulin levels in both APNG +/+ and APNG~ /_ 
mice were similar. By 96 h, the pancreatic insulin content in 
APNG +/+ mice had fallen by 90% to around 4 ng of insulin per 
mg of pancreas whereas the levels in STZ-treated APNG _/ ~ 
mice were reduced by only 50% of the control level (Fig. 4). 
These results corroborate the observed histological findings 
and confirm that the insulin-secreting p cells are the apoptotic 
cells of the APNG~ /_ islets. Since previous reports had shown 
that PARP-deficient mice were also resistant to STZ-induced 
diabetes (2, 25, 33), we were interested in knowing the effect 
of the PARP inhibitor 3-ab on diabetes induction in-the 
APNG _/ ~ mice. Pretreatment of normal mice with 3-ab (340 




STZ STZ+3-ab 



FIG. 4. Effect of pretreatment with 3-ab on pancreatic insulin lev- 
els of APNG +/+ and APNG" /_ mice, 8 and 96 h after treatment with 
a single dose of STZ (140 mg/kg). Error bars indicate the mean ± the 
standard error of the mean. 
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TABLE 1. Effect of 3-ab on high-dose-STZ- induced (5-cell 
necrosis at 8 h and apoptosis at 48 h. 



Mouse strain 


3-ab 


% Necrosis at 8 h" 
(no. of mice) 


% Apoptosis at 48 h a 
(no. of mice) 


APNG +/+ 




73 ± 3.0 (5) 


0.25 ± 0.16 (4) 




+ 


0.5 ± 0.3 (5) 


0.87 ± 0.26 (4) 


APNG" /_ 




2.1 ± 0.7 (5) 


4.3 ± 1.0 (4) 






0.2 ± 0.1 (5) 


2.63 ± 0.56 (5) 



a For apoptosis values, P < 0.01 for both comparisons between APNG +/+ and 
APNG~'~ mice. For necrosis and apoptosis values, data are expressed as the 
mean ± the standard error of the mean. 



mg/kg) substantially protected them against a fall in pancreatic 
insulin levels at 96 h (Fig. 4), in agreement with the previous 
reports. However, pretreatment with 3-ab had no effect on the 
insulin levels of STZ-treated APNG _/ ~ mice at 96 h (Fig. 4). 
Indeed, there was no significant difference between the pan- 
creatic insulin levels in 3-ab-pretreated APNG +/+ and 
APNG W ~ mice and APNG _/ ~ mice treated with STZ alone. 
Since PARP acts at the DNA strand breaks arising from the 
action of APNG and AP-endonuclease, these results indicate 
that the APNG-deleted cells survive because of the absence of 
DNA strand scission and that any inhibition of a later step in 
the pathway has no effect on cell survival. 

To further compare the mechanisms by which the lack of 
APNG or PARP leads to cell survival in this system, we inves- 
tigated the effect of 3-ab on islet cell morphology at 8 and 48 
h after STZ treatment in APNG +/_H and APNG _/ " mice. As 
expected, histological analysis at 8 h showed that 3-ab-pre- 
treated APNG^" 1 " mice displayed considerably less p-cell ne- 
crosis than did those treated with STZ alone {P < 0.001) 
(Table 1). Similarly, PARP inhibition in APNG _/ ~ mice re- 
sulted in a small but significant reduction in islet cell necrosis 
(P < 0.05) (Table 1). This most probably reflects a low level of 
strand break induction by nonenzymatic depurination and gly- 
cosylase-catalyzed removal of STZ-induced oxidative base 
damage to the DNA in the APNG _/ ~ mice. For apoptosis at 
48 h, it is clear from Table 1 that 3-ab treatment of APNG +/+ 
mice did not produce a peak of apoptosis similar to that found 
in APNG" /_ mice. The inhibition of PARP had no significant 
effect on the peak of apoptosis observed in APNG _/ ~ islets 
(P = 0.15) (Table 1). These results suggest that it is the per- 
sistence of DNA adducts that act as a signal for the cell to 
undergo apoptosis. 

Induction of diabetes in APNG~ /_ mice after a single high 
dose of STZ. To assess the long-term effects of high-dose STZ 
treatment in APNG" /_ mice, STZ-treated animals were mon- 
itored for general well-being over several months. At approx- 
imately 8 months postdose, all the mice were diabetic, with 
fasting blood glucose levels averaging above 10 mM and sig- 
nificantly reduced pancreatic insulin levels compared to equiv- 
alently aged untreated controls (Table 2). Several mice also 
exhibited marked lipolysis, with greatly diminished fat pads. 
Immumohistological examination of the pancreata showed a 
marked decrease in islet insulin content and marked CD4 4 " 
lymphocytic proliferation, but not CD8 + proliferation, both 
around and within the islets (Fig. 5), which was not seen in the 
controls (data not shown). Although no similar study has been 



reported for PARP-deficient mice, rodents pretreated with 
3-ab developed p-cell specific insulomas 1 year after receiving 
a single high dose of STZ (36, 40). Thus, the method of cell 
death reported here, resulting from the persistence of DNA 
adducts or the lack of DNA strand breaks, may have implica- 
tions for the generation of secondary tumors following treat- 
ment with chemotherapeutic alkylating agents. 

Effect of APNG deletion on MLDS-induced p-cell apoptosis. 
Since MLDS is a commonly used rodent model of type 1 dia- 
betes, APNG"^ and APNG" /_ mice were treated with STZ 
(40 mg/kg) for 5 days, and 6 h after the last dose their pancre- 
ata were dissected for histological examination. Pancreata 
were also removed on day 11 to determine the effect of this 
regimen on pancreatic insulin levels in these mouse strains. On 
day 5, islets from both strains showed evidence of apoptosis, 
with APNG _/ " mice showing a 2.5-fold increase in p-cell apo- 
ptosis compared with their normal littermates (Table 3). By 
day 11, however, this situation had been reversed (Table 3), 
with less apoptosis being present in APNG~ /_ mice. At this 
later time, pancreatic insulin levels were approximately 30% of 
control values in both mouse strains (data not shown), and this 
was borne out by immunohistochemical staining for insulin, 
which showed a decrease in staining intensity for both STZ- 
treated APNG-deficient and normal mice (Fig. 6A to D). Islets 
from both strains showed evidence of a low-grade CD4 + and 
CD8 + lymphocytic infiltration at this time (Fig. 6E to J). 
Therefore, under this STZ regimen, both mouse strains suc- 
cumbed similarly to diabetes. However, evidence from the cell 
morphology studies suggests that the initial signaling events 
leading to apoptosis are different and occur more rapidly in the 
absence of APNG. 

DISCUSSION 

This study demonstrates that APNG _/ ~ mice are essentially 
resistant to the immediate cytotoxic effects of a single high 
dose of STZ, analogous to that described for PARP-deficient 
mice (2, 25, 33). However, significant differences in the extent 
and timing of islet cell apoptosis were observed in both this and 
the MLDS model of type 1 diabetes, suggesting that at least a 
subset of the unrepaired DNA adducts can act as signals for 
apoptosis. The finding that both APNG _/ ~ and PARP-defi- 
cient mice are resistant to single-high-STZ-dose-induced p-cell 
necrosis provides further evidence that the necrosis is caused 
by DNA adduct removal, the subsequent induction of DNA 
strand breaks by AP-endonuclease, and the activation of PARP. 
This is also supported by our observation that in contrast to 
APNG +/+ islets, APNG _/_ islets treated in vitro do not show 
significant PARP activation. Since APNG" 7- and APNG +/+ 
mice have the same basal levels of PARP activity, the finding 



TABLE 2. Long-term effects of a single high dose of STZ on blood 
glucose and pancreatic insulin levels in APNG" /_ mice 



Treatment 


Blood glucose level (mM)" 
(no. of mice) 


Pancreatic insulin level 
(ng/mg)° (no. of mice) 


None (controls) 
STZ (140 mg/kg) 


5.48 ± 0.89 (7) 
13.1 ± 3.3 (ll) 6 


82.3 ± 28 (6) 
7.97 ± 5.19 (7) 



" P < 0.001 for comparisons between controls and STZ-treated mice. Values 
are expressed as the mean ± standard devation. 

b Values do not include one animal, where the glucose level was >44 mM. 
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FIG. 5. Immunohistochemical determination of autoimmune diabetes in APNG _/ ~ mice 8 months after treatment with STZ. (A and B) 
Formalin-fixed sections from untreated (A) and STZ-treated (B) APNG _/ " mice were stained for insulin as described in Materials and Methods. 
(C to F) CD4 + and CD8 + immunostaining was carried out on frozen sections. Hematoxylin-eosin (C) and insulin (D) staining indicate the position 
of the islet in the section, while staining for the specific lymphocyte markers shows evidence of CD4 + (E) but not CD8 + (F) lymphocytic invasion 
in the islet. The more porous nature of the frozen sections compared to the formalin-fixed sections made them unsuitable for quantitative 
assessment of insulin content by this method. Arrows indicate the position of the islet in the section. Bar, 100 jxm. 



that APNG~ /_ mice lack a significant STZ-induced activation 
of PARP indicates that the majority of STZ-induced DNA 
strand breaks are due to the action of APNG on DNA adducts 
that are substrates for this enzyme. 

The presence of significant amounts of STZ-induced p-cell 
apoptosis in APNG -/ ~ mice is a novel finding and supports 
previous reports that PARP inhibitors protect cultured (J cells 
against STZ-induced necrosis but not against cytokine-induced 
apoptosis (16, 18). To our knowledge, this is the first in vivo 
evidence of increased apoptosis resulting from a reduced re- 
pair of DNA adducts and supports a previous report of the 
induction of apoptosis in cell lines lacking APNG treated in 
vitro with MeOS0 2 (CH 2 ) 2 -lexitropsin, which almost exclu- 
sively forms 3-meA adducts (10). 3-meA is known to block 
DNA replication by inhibiting the action of DNA polymerases 
(23), and thus it is likely that stalled replication-transcription 
forks at 3-meA adducts are the ultimate apoptotic signaling 
lesions in STZ-treated APNG - '" cells. Since 3-meA in DNA 



has a half-life of only 24 h under physiological conditions in 
vitro (24), its potential toxicity in cells undergoing replication 
decreases with time, and this probably explains the timing of 
the peak of apoptosis observed in islets from APNG _/ ~ mice 
after STZ treatment. However, this could also be due in part to 



TABLE 3. Islet cell apoptosis following MLDS treatment 
of APNG +/ + and APNG -/ ~ mice 



Mouse strain 


Day 


% Apoptosis (no. of mice) 0 


APNG+ /+ 


5 


0.98 ± 0.1* (5) 




11 


1.56±0.12 c (ll) 


APNG _/ - 


5 


2.42 ± 0.21* (5) 




11 


1.03 ±0.18 c (ll) 



° Values are expressed as the mean ± the standard error of the mean. 
6 Day 5 values (P < 0.001). 
c Day 1 1 values (P < 0.05). 
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FIG. 6. Immunohistochemical determination of MLDS-induced autoimmune diabetes in APNG +/+ and APNG ; mice on day 11. (A to D) 
Formalin-fixed pancreata stained for insulin. (E to J) Frozen sections of pancreata stained for CD^ (E, G, and I) or CD8 + (F, H, and J). (A and 
B) APNG +/+ control and MLDS, respectively; (C and D) APNG~ /_ control and MLDS, respectively; (E and F) APNG +/+ ; (G and H) APNG~'~; 
(I and J) control sections from untreated APNG -/ ~ mice. Bar, 50 ujh. 
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the formation of DNA strand breaks resulting from the spon- 
taneous depurination of 3-meA over this period. 

Evidence that 3-meA depurination was not the major apo- 
ptotic signaling event was obtained from studies of islet cell 
morphology following STZ treatment: 3-ab-pretreated APNG" h/+ 
mice showed significantly less p-cell apoptosis than did APNG~ /_ 
mice, consistent with the hypothesis that the unrepaired DNA 
adducts, or a fraction thereof, act as the apoptotic signal. How- 
ever, the degree of cell death, as measured by pancreatic in- 
sulin levels, did not differ between APNG _/ ~ and PARP-in- 
hibited APNG +/+ mice. Considering the kinetics of apoptotic 
cell death over time, the degree of apoptosis seen in APNG _/ ~ 
mice would adequately explain the fall in pancreatic insulin 
levels in these mice. Since the mode of STZ-induced p-cell 
death in 3-ab-pretreated APNG +/+ mice is unclear, it is pos- 
sible that there may be another mechanism of delayed p-cell 
death. STZ is known to damage mitochondria, inhibiting ATP 
production (7), and this would lead to loss of membrane in- 
tegrity and necrosis. Necrosis by this mechanism, therefore, 
may not involve nuclear DNA damage detectable as pycnotic 
nuclei 8 h postdose and may be difficult to detect by light 
microscopy, especially if it is a minor pathway. 

Apoptosis is the mode of p-cell death in the NOD mouse 
model (28). DNA adduct formation and APNG may also play 
a role in the NOD mouse model and in immune-mediated 
P-cell apoptosis. In addition to the Af-methylpurines, which are 
an integral part of methylation damage, APNG releases 1,A^- 
ethenoadenine and deaminated adenine, both of which are 
generated endogenously by a number of processes, including 
macrophage-induced NO synthesis and lipid peroxidation 
(9, 11, 26). Cytokine-generated reactive oxygen species 
cause DNA strand breaks and p-cell apoptosis in vitro and 
are thought to play a role in the induction of the immune- 
mediated p-cell apoptosis seen in NOD mice (35). Thus, it is 
possible that APNG may also protect against NO and some 
immune-mediated apoptosis. Consistent with the idea that low 
levels of APNG may contribute to susceptibility to autoimmu- 
nity in NOD mice is the finding that NOD mice are very 
sensitive to multiple low doses of STZ but relatively resistant to 
a single high dose of STZ (32). The present study suggests that 
strain differences in sensitivity to STZ could be explained by 
differences in APNG activity and thus supports a recent article 
reporting differences in DNA strand break induction and 
PARP activation in two mouse strains (4). 

The finding that APNG -/ ~ mice treated with a single high 
dose of STZ develop a delayed lymphocytic proliferation and 
diabetes contrasts with earlier reports on the induction of 
P-cell tumors in rats given combined treatments of STZ and 
PARP inhibitors (36, 40). These are important results since 
they indicate that (i) inhibition of PARP may contribute to 
carcinogenesis and (ii) the persistence of DNA adducts can 
lead to an autoimmune reaction. It is possible that other ad- 
ducts such as 0 6 -methylguanine or DNA lesions induced by 
oxidative damage are responsible for the tumors seen in PARP- 
inhibited mice. Alternatively, the fidelity of DNA repair syn- 
thesis may be compromised in PARP-inhibited p cells since 
strand rejoining is known to occur more slowly in PAUP- 
treated cells (39). On the other hand, while the deletion of 
APNG greatly reduces the ability of the cells to carry out base 
excision repair of these adducts, perhaps crucially, the signal- 



ing apparatus for other types of DNA damage, such as that 
caused by reactive oxygen species, remains in place. Relevant 
to this is the recent finding that PARP can promote inflam- 
mation through its interaction with the redox-regulated tran- 
scription factor NF-kB (31). In response to many agents, includ- 
ing genotoxins and oxidative stress, this family of transcription 
factors is involved both in the up-regulation of expression of 
inducible nitric oxide synthase and several proinflammatory cy- 
tokines and in the prevention of apoptosis initiation (13). In- 
deed, the inappropriate expression of NF-kB and the resulting 
autoimmune and inflammatory response has been proposed as 
the critical event in the development of type 1 diabetes (17). 
Thus, in APNG~ /_ mice the biological consequence of an ac- 
tive NF-kB signaling system is susceptibility to STZ-induced 
autoimmune diabetes. We are currently assessing the biologi- 
cal response of PARP~ /_ and APNG-PARP double-null mice 
in this system. 

The lack of both p-cell apoptosis and any reported autoim- 
munity in PARP-inhibited mice treated with a single high dose 
of STZ suggests that p-cell apoptosis and not necrosis may be 
necessary for the induction of the autoimmune reaction. These 
findings are in keeping with recent studies by O'Brien et al., 
who showed that PARP-inhibited NOD mice are protected 
from both p-cell apoptosis and the ensuing autoimmune reac- 
tion (29). The observation that the immune reaction is CD4 
positive suggests a role for antigen-presenting cells in the ac- 
tivation of the immune system. It is possible, then, that the 
difference between apoptotic and necrotic stimulation of the 
immune system may lie in the extent to which antigen-present- 
ing cells are activated after taking up the remains of the p cell. 

In the MLDS model, the timing and extent of apoptosis in 
APNG _/ ~ mice is consistent with a role for unrepaired 3-meA 
adducts in this pathway. Although a proportion of the DNA 
adducts can be removed in normal mice, daily treatment of 
STZ would lead to an increase in the residual number of un- 
repaired adducts. Thus, APNG _/ ~ mice may show more apo- 
ptosis than APNG +/+ mice by virtue of their inability to re- 
move STZ-induced DNA adducts. This is further supported by 
the observation that APNG -/ " mice treated with a single high 
dose of STZ also show p-cell apoptosis. For MLDS, the cu- 
mulative effect of the STZ treatment resulted in the same 
biological outcome, irrespective of APNG status. A major un- 
resolved issue is why the autoimmune reaction is delayed 8 
months after a single high dose of STZ in APNG _/ ~ mice but 
occurs at day 11 in the MLDS model. One explanation may be 
that a single high dose of STZ may not produce the same 
T-lymphocyte imbalance that the MLDS regimen is thought to 
produce. Additionally, as C57B176J mice age, they develop 
immune dysregulation, again involving NF-kB signaling (34). 
Thus, autoimmunity may require both apoptotic p-cell priming 
of antigen-presenting cells and dysregulation of the lympho- 
cyte subsets. Further studies are required to determine the 
relationship between the persistence of DNA adducts, apopto- 
sis, and the immune response. 

In conclusion, this study has revealed three important find- 
ings: (i) APNG deficiency leads to resistance to STZ-induced 
necrosis, (ii) DNA adduct persistence can lead to cellular apo- 
ptosis in vivo, and (iii) the inhibition of base excision repair 
before the induction of DNA strand breaks can radically alter 
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the biological outcome, preventing the onset of tumorigenesis 
and promoting autoimmunity. 
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Abstract 

Concentration -response curves to noradrenaline CI nM- 100 u.M) were obtained in prostates from 6-week streptozotocin diabetic, insulin- 
treated diabetic or control rats. Compared to the curve obtained in controls, those obtained in prostates from diabetic and insulin-treated 
diabetic rats were shifted rightward. The ^^adrenoceptor antagonist, prazosin (100 nM), caused a rightward shift of the curves in prostates 
from all groups. In contrast, the uptake 1 inhibitor, nisoxetine (300 nM), only produced a leftward shift of the curves in prostates from control 
and insulin-treated diabetic rats. However, frequency -response curves obtained in prostates from both control and diabetic rats were shifted 
leftward by nisoxetine (300 nM). The concentration -response curve to the a, -adrenoceptor agonist, methoxamine (10 nM- 1 00 nM), obtained 
in prostates from diabetic rats was shifted rightward compared with controls, Calphostin C (500 nM), a protein kinase C inhibitor, caused a 
leftward shift of the curve in prostates from diabetic, but not control, rats. The protein kinase C inhibitor, bisindolylmaleimide I (500 nM), p- 
adrenoceptor antagonist, propranolol (500 nM) and muscarinic cholinoccptor antagonist, atropine (300 nM). had no effect on the noradrenaline 
concentration -response curves of prostates from control or diaberic rats. Our results suggest that diabetes reduces the sensitivity and reactivity 
of the prostate to noradrenaline-induced stimulation* and this reduction may be due to changes in protein kinase C activity. O 2002 ElscvieT 
Science B.V. All rights reserved. 

Keywords: Diabetes mcllitus, type li Prostate gland; Benign prosaic hyperplasia; Noradrenaline; Protein kinase C 



1. Introduction 

The prostate gland is a major accessory gland of the male 
reproductive system and plays an important role in main- 
taining the viability of sperm and assisting its passage 
through the female reproductive tract. It is a tubuloaiveolar 
gland consisting of two lobes contained within a capsule, 
The gland is composed of secretory alveoli surrounded by 
fibroblastic connective tissue interspersed with smooth 
muscle cells (Crowe et al.. 1987). The rat prostate gland, 
like that of the human, is located around the urethra, in close 



" Corresponding author. Department of Pharmacology, P.O. Box I3E. 
MOnash University. Victor* 3800. Australia. Tel.: +61-3-99054861; fax: 

+61-3-99035S5I. 

E-mail address: wayne.hodgson@med.monash.edu.au 

(W.C Hodgson). 

1 Current address: Department of Pharmaceutical Biology and Phar- 
macology. Victorian College of Pharmacy, Mon»h University (Parkvillc 
Campus), 381 Royal Parade, Parkvillc. Victoria 3052, Australia. 



proximity to where the urethra joins the bladder. Both the 
sympathetic and parasympathetic nervous systems innervate 
the rat prostate gland (McVary et al., 1998), but contractile 
responses to electrical nerve stimulation are mediated by ol\- 
adrenoceptors (Lau et al., 1998; Nishi et al, 1998). 

Benign prostatic hyperplasia is the nonmalignam growth 
of the prostate gland and, due to the strategic position of the 
prostate, frequently produces problematic lower urinary tract 
symptoms in older men (Madsen and Bruskewitz, 1995). It is 
produced by an age- and androgen-dependent increase in the 
physical size of the gland, as well as an increase in the sym- 
pathetic tone of the prostatic smooth muscle, which con- 
sequently puts added pressure on the urethra (Cooper et al., 
1999). The predominant pharmacological treatment of be- 
nign prostatic hyperplasia involves a r adrenoceptor antago- 
nists, such as prazosin (Hcdlund and Andcrsson, 1988) and 
terazosin (Lcpor et al.. 1996), which act by decreasing the 
sympathetic stimulation of the prostatic smooth muscle. 
These drugs are used to reduce problematic symptoms and 
to improve urinary flow (Cooper ct al., 1999). 
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Recent epidemiological studies have shown a correlation 
between diabetes and the symptoms of benign prostatic hy- 
perplasia in patients without an enlarged prostate (Klein et 
al., 1999). This suggests that diabetes is related to the 
increased sympathetic tone component of benign prostatic 
hyperplasia. Another study found a correlation between the 
development of benign prostatic hyperplasia and men with 
Type II, non-insulin-dependent diabetes mellitus, obesity, 
and/or hyperinsulinaemia indicating that these may all be 
risk factors (Hamrnarsten and Hogstedt, 1999). Based on 
evidence that both obesity (Troisi ct ah, 1991) and hyper- 
insulrnaernia (Rowe et al., 1981) are conditions associated 
with an increase in sympathetic outflow, it was also sug- 
gested that men with fast-growing benign prostatic hyper- 
plasia might have increased sympathetic nerve activity. 
Furthermore, this effect may be due to the sympatho-excita- 
tory effect of insulin (Ro wo ct al., 1981). j 

Previous studies have shown that strcptozotocin-diabetic \ 
rats display a significant reduction in body weight (James 1 
and Hodgson, 1997) and scrum insulin level, as well as high 1 
serum glucose levels (James and Hodgson, 1997), and dec- 1 
reases in fertility and spermatogenesis (Frenkel et al., 3 978) 1 
when compared to nondiabetic rats. Thoy also exhibit par- \ 
allcl reductions in reproductive organ weights, including the j 
prostate gland (Crowe ct al., 1987; Nishi et al M 1998). This 1 
reduction in body and prostatic weight can be prevented or I 
reversed by early chronic insulin administration (Crowe et 
al, 1987; Nishi etal, 1998). 

Induction of diabetes mellitus causes a significant de- 
crease in catecholamine-containing nerve fibres of the rat 
prostate (Crowe etal., 1987), as well as large reductions in the 
densities of prostatic a r (Crowe et al., 1987) and 0-ad- 
renoceptors (Gousse et al, 1991). Streptototocin-diabetic 
rats also display decreased densities of prostatic muscarinic 
receptors (Latifpour et aL, 1 99 1 ) F an effect which is prevented 
or reversed with insulin treatment (Fukumoto ct al., 1 993). 

Protein kinase C has been shown to play a role in ot r 
adrenoceptor-mediatcd contraction of guinea-pig vas defer- 
ens (Kamimura et al., 2000). Protein kinase C in the rat 
ventral prostate is of the Ca 2 * -dependent form, and is 
thought to play an important role in the physiological ac- 
tivities and mechanisms of cell proliferation and different- 
iation in the prostate gland (Garcia-Paramio ct al., 1993). 
Prostate glands from streptozotocin-diabetic rats have also 
been shown to exhibit an increased protein kinase C activity 
in the membrane fraction, and a decreased protein kinase C 
activity in the cytosolic fraction, when compared with con- 
trol rats (Garcia-Paramio et al, 1995). This effect was found 
to be restored toward control conditions by insulin treatment 
(Garcia-Paramio et al., 1 993). 

Although it is widely accepted that enlargement of the 
prostate gland is inevitable as men age, the mechanisms 
involved in the development of benign prostatic hyperplasia 
are largely unknown. To date, investigations into the diabe- 
tes-induced alterations in prostatic receptors and prostate size 
have only been preliminary. This study investigated whether 



changes occur in the sensitivity and reactivity to noradren- 
aline of prostate glands from diabetic rats in addition to 
changes in size. 



2. Materials and methods 

2.L Animals 

Male Wistar rats were weighed and lightly anaesthetised 
(4% halothanc, 2:1 O2/N2O) to enable measurement of blood 
glucose levels via a tail vein sample. Blood glucose was 
measured using an Ames Glucomcter II. Diabetes was in- 
duced by a single tail vein injection of strep tozotocin (60 mg/ 
kg), dissolved immediately prior to use in citrate buffer (50 
mM citric acid and 50 mM tri sodium citrate; pH 4.5). An 
equivalent volume of citrate buffer was injected into age- 
matched control rats. Rats were housed in treatment pairs 
(one diabetic and one control) for a 6-week period. 

A subgroup of rats was treated with a single daily dose of 
Lente insulin (4 units for the first 3 days, and 6 units every day 
thereafter, s.c; Monotard human insulin zinc suspension) 
commencing 2 days aflcr strcptozotocin administration. Eth- 
ical approval for all experiments was obtained from the Mon- 
ash University Pharmacology Animal Ethics Committee. 

2.2. Isolated organ bath experiments 

After a 6-week period, rats were weighed, killed and blood 
glucose was measured. A lower abdominal incision was made 
and prostate glands were dissected out and vertically moun- 
ted onto wire tissue holders in 5-mI organ baths. Experiments 
were paired with one prostate lobe placed in Krebs solution 
((mM): NaCI 118,4, KC1 4.7, NaHCOj 2.5, KH 2 P0 4 1.2, 
MgS0 4 1.2, CaCl 2 2.5, and glucose 11.1) and the other 
placed in Krebs solution containing an antagonist or inhib- 
itor, as indicated. Following a 1-h equilibration period, dis- 
crete dose- response curves to noradrenaline (1 nM-100 
\iM) or methoxamine (10 nM-100 uM) were performed. 
Agonists were kept in contact with the tissue until the res- 
ponse plateaued (approximately 10-15 s), with a 10-min 
period between each dose. 

In a subset of experiments, isolated prostate preparations 
were electrically field stimulated. Tissues were mounted onto 
perspex tissue holders incorporating platinum electrodes 
connected to a Grass S88 stimulator. Parameters for stimula- 
tion applied to tissues were: 10 pulse trains of 0.5-ms dura- 
lion, at 80 V. The frequencies tested were 0.05, 0.1 , 0.2, 0.5, 
1,2,5, 10 and 20 Hz. Stimulation at frequencies greater than 
1 H2 were given as 10-s trains. A resting period of 10 min 
was allowed between stimulations. 

2.3. Histochemical studies 

Rats from all three treatment groups (see Section 2. 1 ) were 
killed and prostate glands removed. Tissues were placed in 
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Tissue TEK and frozen at - 2 1 °C to be stained for nora- 
drenaline. At least 12 sections (12 piM) were cut from each 
prostate specimen and thawed onto gelatin-coated slides. 
Prostates were exposed to sucrose -potassium phosphate - 
glyoxylic acid solution (SPG) for 3 s (De la torre and 
Surgeon, 1976). Sections were dried for approximately 20 
min and heated at 80 °C for an additional 5 mm. Slices were 
mounted in paraffin oil and examined with an Olympus pho- 
tomicroscope fitted with an Olympus mercury burner fluo- 
rescent light source attachment and DM55 dichroic mirror, 
BP400-410 exciter filter and BA 455 barrier filter. 

For staining with haematoxylin and eosin, tissues were 
fixed for 2 h in a solution containing 4% paraformaldehyde in 
phosphate buffered saline (PBS; (mol/l) NaCl 0.137, 
RH 2 P0 4 0.002 and Na 2 HP0 4 0.008). Tissues were washed 
four times, each for 10 min, in a solution containing 7% suc- 
rose and 0.01% sodium azide in PBS. Prostates were stored in 
this solution for 48 h at 4 "C. Tissues were placed in Tissue 
TEK, snap frozen in liquid nitrogen and stored at - 80 6 C. At 
least 12 sections (12 jjM) were cut from each prostate speci- 
men and thawed onto gelatin -coated slides. Sections were 
stained routinely in Mayer's Haemalum for 10 min, rinsed in 
distilled water for 2 min, and placed in Scott's solution for a 
further 2 min. After rinsing in gentle running tap water for 2 
min, prostate slices were stained in Eosin for 30 S and care- 
fully rinsed again in tap water for 3 min. Sections were de- 
hydrated once in 70% and 90% ethanol for 4 min, and three 
umes in 100% ethanol for 4 min each, Histoclear was used, 
three times for 4 min each, to clear sections, and slides were 
mounted in DPX and covcrslipped before viewing under an 
Olympus BX60 microscope. Micrographs were taken using 
an Olympus PM 30 photographic system. 

2.4. Drugs and solutions 

Drugs used included: the muscarinic receptor antagonist, 
atropine sulfate (Sigma); the protein kinase C inhibitor, 
bisindolylmaleimide 1 (Calbiochem); protein kinase C inhib- 
itor, calphostin C (Calbiochem); cm -adrenoceptor agonist, 



Tabic l 

Body weights, blood glucose levels and prostate weights of conr.ro! (/t = 4]). 
diabetic (a = 36) and insulin-treated diabetic (n~ 14) rats 





Body weight (g) 
Initial Final 


Blood glucose (mM) 
Initial Final 


Prostate 
weight (mg) 


Control 

Diabetic 

Insulin 


329 ±4 451 ±5° 
329 ±3 282 ± 4* 
328 ±4 390 ± 5* 


7.1±0.2 7.6 + 0.2 
7.1+0.2 21.4 + 0.5* 
7.2 ±0.4 6.3 ±1.5 


93.3 + 5.2 
4l.8±6.5 c 
38.3 ±3,0° 



Initial measurements were made at the time of strcpWJtOioem or vehicle 
injection, and final measurements made 6 weeks later. 

• Significantly different froivi initial value for correspond ina. trcarmcnt 
group, P<0.0\. 

b Significantly different from initial value for corresponding treatment 
group, P<0.001, 

* Significantly different from corresponding values from control group, 

/><o.ooi. 
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Fig, I, (A) Discrete dosc-rcsponsc curves of prostate* from control (0, 
diabetic (A. /» = 36) and insulin-treated diabetic (o, n= 14) rats to 
noradrenaline. Data arc expressed as means ± S.E.M. (B) The maximum 
response of prostate glands from control (a = 41), diabetic (n ,t "36) and in- 
sulin -treated (n- 14) diabetic rats to noradrenaline. Data Arc expressed as 
means ± S.BM. ** P< 0.01 . when compared with the conu-ol group. 

methoxamine hydrochloride (Wellcome); uptake 1 inhibitor, 
nisoxetine hydrochloride (Eh Lilly); o>adrcnoceptor agonist, 
noradrenaline bi tartrate (Sigma); a-adrenoceptor antagonist, 
prazosin hydrochloride (Sigma); 3-adrenoccptor antagonist, 
propranolol hydrochloride (1CI). 

Atropine, nisoxetine, prazosin, and propranolol were all 
dissolved in distilled water. Calphostin C and bisindolyl- 
maleimide 1 were dissolved in 1% dimethyl sulphoxide. 
Noradrenaline and methoxamine were dissolved in a cate- 
cholamine diluent (0.9% NaCl, 0,0156% NaH 2 P0 4 '2H 2 0, 
0.004% ascorbic acid). All subsequent dilutions were made 
in distilled water. 

2.5. Statistical analysis 

The data are expressed as a percentage of the maximum 
response achieved by each individual tissue, and are pre- 
sented as means± S.E.M- Differences in mean concentra- 
tion-response curves of two or more treatment groups were 
compared at all concentrations on the log concentration - 
response curve using a two-way repeated measure analysis 
of variance (ANOVA), Differences in maximum response, 
blood glucose levels and body and prostate weights between 
treatment groups were compared using a one-way ANOVA. 
Bonferroni correction for multiple comparisons was per- 
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formed when required. In all cases, 0.05 was taken as 
statistically significant. 

ECjo values were determined using Graph Pad Prism 
(version 2.0), and were used to calculate 95% confidence 
intervals and the shift of the noradrenaline concentration - 
response curves in the presence of an antagonist Or inhibitor 
from its corresponding control. 



3. Results 

3.1. Laboratory animate 

The mean body weights of 6-week control (vehicle-treat- 
ed) and insulin -treated diabetic rats were significantly in- 
creased compared to their corresponding mean pre-injection 
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Fig 2 The efftet of prazosin (100 nM) Op Ac noradrenaline conCenWi.on-rcsponSe eunrc ofproswie glands from (A) COnnol □, «-7). (B) d.abct.0 (A 
. = 6) and (C) insulin treated d abctic (O. « - 6) rats. Solid .ymbols repre.cn, response in the prescnecof prazosin. Histogram: max.mum MpOMC of £M » 
L ablei PLS pl^clf prazosin. Data are expressed as means ± S.E.M. -P<0.0. and '»f<0.001. eon^red w.th response -n the absent of 
prtiosin. 
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weights (/ ? <0.0l). In contrast, diabetic rats displayed sig- 
nificantly reduced mean body weights when compared with 
their mean pre-injection weights (P<0.01) (Table 1). 

Mean blood glucose levels of control and insulin- treated 
diabetic rats remained normoglycaemic However, diabetic 
rats exhibited significantly increased mean blood glucose 



levels compared to their corresponding pre-injection levels 
(/><0.00l; Table 1). 

Mean wet weights of prostate tissue from diabetic and 
insulin-treated diabetic rats were significantly reduced when 
compared to prostate glands from age-matched control rats 
(P< 0.001) (Table 1). 
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Fig. 4. (A.) Effect of propranolol (1 yM) on the noradrenaline concentration -response carve of prosewt glands from control (□, n -6) and diabetic (A, /.-6) 
rats. Solid symbols represent response in the presence of propranolol. Histogram: maximum response of tissues in the absence (Open bars) and presence (cross 
hatched bars) of propranolol. Data ate expressed as mean? ± S.E.M. (B) Effect of atropine (300 nM) on the noradrenaline contention-response curve of 
prostate glands from control (□. *-7) and diabetic <A 7 * = 6) rats. Solid symbols represent rcSpOnso in the presence of atropine Histogram: maximum 
response of tissues in the absence (open bars) and presence (cross hatched bars) of atropine. Data are expressed as means * S.E.M. 



3.2. Effects of noradrenaline 

Discrete addition of noradrenaline (1 nM-100 u-M) pro- 
duced do se-dependent contractions in prostates from all rats. 
The mean noradrenaline concentration -response curve ob- 



tained in tissues from diabetic and insulin- treated diabetic 
rats were shifted rightward 8,5-fold (95% confidence lim- 
it ^ 4. 1-17.4) and 6.7-fold (95% confidence limit = 3.9- 
11.5), respectively, compared to the mean noradrenaline 
concentration -response curve obtained in tissues from con* 
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fig 5. The effect of nisoxetine (300 nM> on Ac frequency response curve of electrically Held su.rml.tcd prowls from control "-/l™* 
(A n = 5) rats. Solid symbols represent response in the presence of nisoxetine. EPS parameters: 10 trams of O.S-tns durat.on; 80 V frequency 0.05-20 
H,cvcry .0 min Histo^am; max" nun, response of tissues in the absence (open bars) and presence (eross hatched bars) of msoxct.nc. Data are expressed as 
means ± S.E.M. 
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trol rats (F<0.001) (Fig. 1A). The noradrenaline concen- 
tration-response curve obtained in preparations from insu- 
lin-treated diabetic rats did not differ from that seen in tissues 
from diabetic rats (Fig. 1 A). The mean maximum response to 
noradrenaline in prostate glands from diabetic rats was sig- 
nificantly decreased when compared with the maximum res- 
ponses observed in tissues from control and insulin-treated 
diabetic rats (/><0.01) (Fig. IB). 

3.3. Effects of the ^-adrenoceptor antagonist, prazosin 

Prazosin (100 nM) produced significant 60- 1-fold (95% 
confidence limit = 24.4- 1 47.9; P < 0.00 1 ) and 3 .8-fold (95% 
confidence limit = 0.7- 19.7; P< 0.01) rightward shifts of the 
mean noradrenaline concentration- response curves in tis- 
sues from control and diabetic rats, respectively (Fig. 2A and 
B, respectively). In the presence of prazosin, there was also a 
7.7-fold (95% confidence limits 3.8- 1 5,8) shift of the mean 
noradrenaline concentration -response curve in prostates 
from insulin-treated diabetic rats {P< 0.001) (Fig. 2C), 
There was no difference between the maximum responses 
of tissues from control, diabetic or insulin-treated diabetic 



rats when they were compared with their corresponding 
groups in the absence of prazosin. 

3.4. Effects of the uptake 1 inhibitor, nisoxetine 

Nisoxetine (300 nM) produced a significant leftward shift 
of the mean noradrenaline concentration -response curve in 
prostates from control (2,8-fold (95% confidence limit = 1 .4- 
6.1); F<0.01) (Fig, 3A), but not diabetic (Fig. 3B), rats. 
Nisoxetine produced a significant 16.4-fold leftward shift 
of the mean noradrenaline concentration -response curve of 
prostates from insulin-treated diabetic rats (95% confidence 
} imit = 9.7_27.7; F<0.001) (Fig- 3C). Nisoxetine had no 
effect on the maximum responses obtained for tissues from 
control* diabetic or insulin-treated diabetic rats. 

3.5. Effects of the ^-adrenoceptor antagonist propranolol 

Propranolol (1 \M) had no significant effect on the nor- 
adrenaline concentration- response curve of prostate glands 
from diabetic rats (F>0.05). However, in the presence of 
propranolol, there was a small rightward shift of the nor- 
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Fig 6. (A) The effect of bisindolylmalcirnidc I (500 nM) on the noradrenaline c on central, on - response curve of prostate glands from control (O. »-6) *nd 
diabetic (A, n-6) rats. Solid symbols represent response in die presence of bisindolylmaleimidc I. Histogram: maximum response of tissues mrhc absence 
(open bars) and presence (cross hatched bars) of bisindolylmaieimidc I. Data are exposed as means ± S.E.M. (B) The effect orcalphoslin C (500 nM) on the 
noradrenaline concentration - response curve of prosute glands from control <D. 1*6) *nd diabetic «-e) rats. Solid symbols represent response .n the 
presence of ealphostin C. Histogram: maximum response of tissues in the absence (open bars) and presence (cross hatched bars) of calphostm C. Data are 
expressed as means ± S.EM. ** P<0.00l, when compared with corresponding curve in the absence of calpbostin C. 
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adrenaline concentration -response curve of prostate glands 
from control rats (P<0.001) (Fig. 4A). Propranolol had no 
effect on the maximum responses obtained for tissues from 
control or diabetic rats, 

3.6. Effects of the muscarinic receptor antagonist, atropine 

Lau et al. (2000) have shown that stimulation of muscar- 
inic receptors of the guinea-pig prostate gland are able to 
enhance noradrenaline mediated contractions. In the present 
study, atropine (300 nM) had no significant effect on the 
noradrenaline concentration- response curves of prostate 
glands from control or diabetic rats (F>0.05) (Fig. 4B). Atr- 
opine had no effect on the maximum responses obtained for 
tissues from control or diabetic rats. 

1.7. Effects of electrical field stimulation 

In electrical field stimulated preparations, frequency 
response curves obtained from control and diabetic rai pro- 
state glands did not differ significantly. Nisoxetine (300 nM) 
caused a significant 3,6-fold (95% confidence limit- 1.7- 
16 7) and 4,0-fold (95% confidence limit = 1,5-9.8) left- 
ward shift of the mean frequency -response curve in pros- 
tates from control and diabetic rats, respectively (P<0.01) 
(Fig. 5). Nisoxetine did not effect the maximum responses 
of tissues to stimulation at 20 Hz. 

3.8. Effects of the protein kinase C inhibitors, bisindolyl- 
maleimide / and calphostin C 

Bisindolylmaleimide I (500 nM) did not affect the mean 
noradrenaline concentration- response curves m prostates 
from control or diabetic rats (Fig. 6A). Mean maximum res- 
ponses of control and diabetic tissues were not affected by 
the addition of bisindolylmaleimide I. 

Calphostin C (500 nM) produced a significant : 8. 6-fold 
(95% confidence limit-4.7- 15.9) leftward shift of the 
mean noradrenaline concentration- response curve m tissues 



Fig. 8. Photomicrographs showing cross-sections smmod fer catecholamine 
fluoresce in prostate fclands from (A) control, (B) diabetic and (C) jn u- 
lin-crcatcd diabetic rats. Arrows indicate fluorescent catecholamine smiting 
neurons- 
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from diabetic rats (P< 0.001) (Fig. 6B)> Mean maximum 
responses of control and diabetic tissues to noradrenaline 
were not affected by the addition of calphostin C. 

3,9. Effects of the & r agonist, methoxamine 

Discrete additions of methoxamine (10 nM-100 \*M) 
produced dose-dependent contractions in prostates from 
control and diabetic rats. The mean methoxamine concen- 
tration-response curve obtained in prostates from diabetic 
rats was shifted 5.0-fold (95% confidence limit=3,l -8.1) 
rightward compared with the mean methoxamine concen- 
tration-response curve obtained in tissues from control rats 
(/><O.O0J) (Fig. 7). Prazosin (100 nM) produced a right- 
ward shift of at least L 00-fold in the mean methoxamine 
concentration-response curves in preparations from both 
control and diabetic rats (/>< 0.001) (Fig. 7), Responses to 
methoxamine in both control and diabetic tissues Lrcated 
with prazosin did not reach maximum. 

3 JO. Histochemical studies 

Catecholamine fluorescence stained dense populations of 
nerves in the prostatic smooth muscle stroma in between the 
secretory acini, and was similar in cross sections of prostates 
taken from control, diabetic and insulin^ treated diabetic rats 
(Fig. 8A-C). 

Staining with haematoxylin and eosm displayed simi- 
lar muscle profiles of prostates taken from 6-wcek con- 
trol, diabetic and insulin-treated diabetic rats (results not 
shown). 



4. Discussion 

In the present study, streptozotocin-diabetic rats exhibited 
symptoms similar to those observed in humans with uncon- 
trolled type 1, insulin-dependent diabetes mellitus, e.g. hy- 
perglycaemia and weight loss. These observations are 
consistent with the findings of other studies (Crowe et al., 
1987; Gousse et al., 1991; Latifpour et aL, 1991; Fukumoto 
eta!., 1993; Nishi et aL, 1998). 

The mean noradrenaline concentration -response curves 
of prostate glands from diabetic and insulin- treated diabetic 
rats were significantly shifted rightward when compared to 
the curve obtained in tissues from control rats. This effect 
clearly demonstrates that prostate glands from diabetic rats 
were less sensitive to noradrenaline when compared to the 
control, and this sub-sensitivity to noradrenaline was not 
reversible by chronic insulin treatment, Furthermore, the 
mean maximum response of prostates from diabetic rats to 
noradrenaline was significantly reduced when compared 
with the maximum responses of prostates from control 
and insulin-treated diabetic rats to noradrenaline. Therefore, 
diabetes also appears to affect the reactivity of the prostate 
gland to noradrenaline. In contrast to the diabetes-induced 



sub-sensitivity, this decrease in reactivity was reversible 
with insulin. However, it must also be noted that the reversal 
of reactivity of prostates from diabetic rats to control lev- 
els was not associated with a parallel reversal in prostate 
weights, despite the chronic administration of insulin revers- 
ing some of the effects of streptozotocin treatment, i.e. hy- 
perglycaemia and reduced body weight. Crowe et al. (1987) 
have suggested that the reduction in prostate size may be due 
to a decrease in the thickness of the smooth muscle of this 
tissue. However, in our study, the morphology of prostates 
taken from 6-week control, diabetic and insulin-treated 
diabetic rats did not display any obvious differences as seen 
with histological haematoxylin and eosin staining (results 
not shown). The a, -adrenoceptors, responsible for the con- 
traction of the prostate (GarCia-Paramio et al., 1995; Nishi et 
al., 1998), and the increase in sympathetic tone seen in 
benign prostatic hyperplasia (Cooper et al. t 1999), are pre- 
dominantly found in the muscle stroma. Therefore, any al- 
terations in prostatic morphology may not only be related to 
changes in the size of this gland, but may also affect its 
ability to contract in response to the addition of exogenous 
noradrenaline. 

In contrast to Crowe et al. (1987), no obvious differences 
in catecholamine fluorescence were seen between prostates 
from control, diabetic or insulin treated diabetic rats, This 
variance may be due to the fact that the present study used a 
6-week streptozotocin-diabetic model whilst that of Crowe 
et al. (1987) employed an 8-week streptozotocin-diabetic 
model. This result is consistent with the other findings of 
the present study. If the diabetic prostate had displayed a 
decreased catecholamine fluorescence, then we would ex- 
pect to see an increased sensitivity to noradrenaline due to 
the loss of uptake 1, a decreased sensitivity of the diabetic 
prostate gland to electrical field stimulation, and an equal 
sensitivity to methoxamine of the diabetic prostate. An in- 
crease in the innervation of prostatic smooth muscle could 
explain the sub-sensitivity of the prostate gland seen in this 
study, but such an increase in innervation was not observed. 

Methoxamine is an a-adrenoceptor agonist with a greater 
selectivity for the a, -subtype and decreased susceptibility 
to neuronal uptake, compared to noradrenaline (Wikberg, 
1978). Prostate glands from diabetic rats were less sensitive 
10 methoxamine than prostates from control rats. This result 
further supports the notion that subsensitivity is not due to 
changes in neuronal uptake. 

Haynes and Hill (1997) have shown that 3-adrenoceptors 
are involved in the contraction of prostatic smooth muscle 
in the guinea pig. In addition, previous radioligand receptor 
binding studies have shown that streptozotocin-diabetic rat 
prostates exhibit a 45-50% reduction in 0-adrenoceptor 
density (Fukumoto et aL, 1993), Similarly, prostate glands 
from streptozotocin-diabetic rats exhibit decreased densities 
of muscarinic-receptors of up to 30% (Utifpour et al., 1991; 
Fukumoto et al., 1993). Previous studies have also shown 
thai cholinergic drugs are able to modify noradrenergic con- 
traction in the isolated guinea-pig prostate gland (Lau et al„ 
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2000) Such down-regulation in receptors could lead to 
changes in sympathetic tone. However, in the present study, 
propranolol and atropine did not shift the noradrenaline con- 
LnLion-response curve of the diabetic prostate gland 
towards that of the control, suggesting that changes in 
adrenoceptors or muscarinic receptors play no role in the 
diabetes-induced changes in the sensitivity of the rat prostate 
glands to noradrenaline. 

Many of the physiological activtt.es and mechanisms ol 
cell proliferation and differentiation in the prostate gland in- 
volve protein kinase C activity, which .s known to ex,st in 
both Ca^ -dependent and Ca 2 + -independent forms, tn 
addition to playing a role in the "^f^^crt^ 
traction of smooth muscle (Kamimura et al., 2000) protein 
kinase C is involved in the signal transduction of neuro- 
transmitters, hormones and growth factors that control cell 
function and proliferation (Garcia-Parawno et al,, ,1993). In 
£ present srndy, the protein kinase C inhibitor, b.smdo yl- 
maleimide 1 (500 nM), had no effect on the noradrenaline 
concentration-response curves of prostates from either con- 
trol or diabetic rats. In contrast, another protein ^se C in- 
hibitor, calphostin C (500 nM), produced a leftward shift of 
the noradrenaline concentration -response curve O ^prostates 
from diabetic rats, resuh.ng in its return to a pos.ttor , s.m.la 
to that seen in prostates from control rats. Thes e findmga 
strongly suggest that the sub-sensitivity of the diabetic pro- 
S e g gtd?Loradrenalme is due to an alteration in the ac- 
tivity of a protein kinase C isoform other than those blocked 
by bisindolylmaleimide 1. One reason why calphostm C, and 
„ot b-sindoiylmaleimide I, has an effect on *e no-drena..ne 
concentration^response curve of prostatas ftorr 
may be explained by their differing modes of act on. B s m - 
dofylmaleimide 1 has a competitive inhibitory >ac ,on ,« the 
ATP binding site of protein kinase C and shows high sel- 
ectivity for protein kinase Co, ft. D». % & «"» * ^™ 
'al., 1991; Gekeler et J. 1996). Alternatively 
calphostin C exerts its inhibitory effect by competing at *e 
binding site of diacylglycerol and phorbol esters thereby 
tnhibitLg the activation of protein kinase C Kobaya h ^ c 
al 1989' Bruns et al., 1 99 1 ; Gopalaknshna et al., 992). l tie 
conc^^s of bisindolylmaleimide I and calphos m C 
used in the present study have been shown to be selectwe 
despite their differing modes of action (Bruns £ aK^99l 
Gopalakrishna et at., 1992; Kobayasht et al., 1989, Tamaok, 
ptal 1990; Toullec et al., 1991). , 

The Sings of the present study suggest that the induc- 
tion^ diabel by stfeptozotocin results in a reductton n ft. 
sensitivity and reactivity of the rat isolated prostate gland to 
nomdSine. Interestingly, despite the H***™^* 
JSsea in rat body and prostate weight, these rtducttons do 
not annear to be due to alterations in the morphology of he 
InT Our results suggest that these changes may involve 
5 chJS. in protein kinase C activity. Sim- 
JaV effeci have been seen in other sympathetically inner- 
J^ssueSowing the induction of diabetes (James and 
Hodgson, 1997). 
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and experts in the field should be consulted when- 
ever results are unusual or in doubt 

Effect of Meals and Posture 

on Concentration 

of Substances in Blood 

A. Meals: The usual normal values for blood 
tests have been determined by assay of 4 *fasting" 
specimens collected after 8-12 hours of abstinence 
from food With few exceptions, water is usually per- 
mitted as desired. 

Few routine tests are altered from usual fasting 
values if blood is drawn 3-4 hours after breakfast. 
When blood is drawn 3-4 hours after lunch, values 
are more likely to vary from those of the true fasting 
state. Valid measurement of triacylglycerol (triglyc- 
eride) in serum or plasma requires abstinence from 
food for 10-14 hours. 

B. Posture: Plasma volume measured in a per- 
son who has been supine for several hours is 12-15% 
greater than in a person who has been up and about 
or standing for an hour or so. It follows mat measure- 
ments performed on blood obtained after the subject 
has been lying down for an hour or more will yield 
lower values than when blood has been obtained af- 
ter the same subject has been upright. An intermedi- 
ate change apparently occurs with sitting. 

A tourniquet applied for 1 minute instead of 3 
minutes produced the following changes in reported 
values: total protein, +5%; iron, +6.7%; cholesterol, 
+5%; AST (SGOT), +9.3%; and bilirubin, +8.4%. 
Decreases were observed for potassium, -6%; and 
creatinine, -2.3%. 

Validity of Laboratory Tests* 

The clinical value of a test is related to its speci- 
ficity and sensitivity and the incidence of the disease I 
in the population tested. 1 

Sensitivity means percentage of positive results in I 
patients with the disease. The test for phenylke- 
tonuria is highly sensitive: a positive result is ob- 
tained in all who have the disease (100% sensitivity). 
Hie carcinoembryonic antigen (CEA) test has low 
sensitivity: only 72% of those with carcinoma of the 
colon test positive when the disease is extensive, and 
only 20% are positive with early disease. Lower sen- 
sitivity occurs in the early stages of many diseases— 
in contrast to the higher sensitivity in well-estab- 
lished disease. 

Specificity means percentage of negative results 



among people who do not have the disease. The test 
for phenylketonuria is highly specific: 99.9% of nor- 
mal individuals give a negative result In contrast, the 
CEA test for carcinoma of the colon has a variable 
specificity: about 3% of nonsmoking individuals give 
a false-positive result (97% specificity), whereas 
20% of smokers give a false-positive result (80% 
specificity). The overlap of serum thyroxine levels 
between hyperthyroid patients and those taking oral 
contraceptives or those who are pregnant is an exam- 
ple of a change in specificity from that prevailing in 
a different set of individuals. 

The predictive value of a positive test defines the 
percentage of positive results that are true positives. 
This is related fundamentally to the incidence of the 
disease: In a group of patients on a urology service, 
the incidence of renal disease is higher than in the 
general population, and the serum creatinine level 
will have a higher predictive value in that group than 
for the general population. 
Formulas for definitions: 

Sensitivity = True positive 

True positive + faJse negative 

Specificity = True negative- 

True negative + false positive 

Predictive value = True positive 

True positive + false positive 

Before ordering a test, attempt to determine 
whether test sensitivity, specificity, and predictive 
value are adequate to provide useful information. To 
be useful, the result should influence diagnosis, prog- 
nosis, or therapy; lead to a better understanding of 
the disease process; and benefit the patient 



NORMAL LABORATORY VALUES 
BSpjgl P'asma [P], Serum [S], 



♦This section is an abridged version of an article by Krieg AF 
Gambino R, Galen RS: Why are clinical laboratory tests per- 
formed? When are they valid? JAMA 1975;233:76. Reprinted 
from the Journal of the American Medical Association. Copy- 
right © 1975 by American Medical Association. See also 
Galen RS t Gambino SR: Beyond Normality: The Predictive 
Value and Efficiency of Medical Diagnosis. Wiley, 1975. 



HEMATOLOGY 

Bleeding time: Ivy method, 1-7 minutes (60-420 
seconds). Template method, 3-9 minutes (180- 
540 seconds). 

Cellular measurements of red cells: Average diam- 
eter = 7.3 urn (5.5-8.8 fan). Mean corpuscular 
volume (MCV): Men, 80-94 fL; women, 81-99 fL 
(by Coulter counter). Mean corpuscular hemoglo- 
bin (MCH): 27-32 pg. Mean corpuscular hemo- 
globin concentration (MCHC):32-36 g/dL red 
blood cells (32-36%). 
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Clot retraction: Begins in 1-3 hours; complete in 
6-24 hours. No clot lysis in 24 hours. 

Fibrinogen split products: Negative > 1:4 dilution. 

Fragility of red cells: Begins at 0.45-0.38% NaCl; 
complete at 0.36-0.3% NaCl: 

Hematocrit (PCV): Men, 40-52% (0.4-0.52); 
women, 37^7% (0.37-0.47). 

Hemoglobin: [B] Men, 14-18 g/dL (2.09-2.79 
mmol/L as Hb tetramer); women, 12-16 g/dL 
(1.86-2.48 mmol/L). [S] 2-3 mg/dL. 

Partial thromboplastin time: Activated, 25-37 sec- 
onds. 

Platelets: 150,000-400,000/^iL (0.15-0.4 x 10 l2 /L). 

Prothrombin: [P] 11-14.5 seconds. International 
Normalized Ratio (INR): [P] 2.0-3.0. 

Red blood count (RBC): Men, 4.5-6.2 million/uL 
(4.5-6.2 x 10 12 /L); women, 4-5.5 niillion/u,L 
(4-5.5 x 10 12 /L). 

Reticulocytes: 0.2-2% of red cells. 

Sedimentation rate: Less than 20 mm/h (Wester- 
gren); 0-10 mm/h (Wintrobe). 

White blood count (WBC) and differential: 

5000-10,000/uL (5-10 x 10 9 /L). 

Myelocytes 0 % 

Juvenile neutrophils 0 % 

Band neutrophils 0-5 % 

Segmented neutrophils 40-60% 

Lymphocytes 20-40% 

Eosinophils 1-3 % 

Basophils 0-1 % 

Monocytes 4—8 % 
Lymphocytes: Total, 1500-4000/fiL 

B cell 5-25% 

T cell 60-88% 

Suppressor 10-43% 

Helper 32-66% 

H:S > 1 



CLINICAL CHEMISTRY 

Acetone and acetoacetate: [S] 0.3-2 mg/dL (3-20 
mg/L). 

Adrenal hormones and metabolites: 

Aldosterone: [U] 2-26 u.g/24 h (5.5-72 nmol/d). 
Values vary with sodium and potassium intake. 

Catecholamines: [U] Total, < 100 |ig/24 h. Epi- 
nephrine, < 10 jig/24 h (< 100 nmol/d); norepi- 
nephrine, < 100 u.g/24 h (< 590 nmol/d). 

Cortisol, free: [U] 20-100 u.g/24 h (0.55-2.76 
UMnoI/d). 

1 1,17-Hydroxycorticoids: [U] Men, 4-12 mg/24 h; 
women, 4-8 mg/24 fr. 



17-Ketosteroids: [U] Under 8 years, 0-2 mg/24 h; 

adolescents, 2-20 mg/24 h. (1 mg = 3.5 u,mol.) 
Metanephrine: [U] < 1.3 mg/24 h (< 6.6 jumbl/d) 

or < 2.2 u.g/mg creatinine. 
Vanillylmandelic acid (VMA): [U] Up to 7 mg/24 

h (< 35 umol/d). 

Aminotransferases : 

Aspartate aminotransferase (AST; SGOT): 0-41 

IU/L at 37 °C. 
Alanine aminotransferase (ALT; SGPT): 0-45 

IU/L at 37 °C. 

Ammonia: [P] (as NH 3 ) 10-80 |xg/dL (5-50 
Hmol/L). 

Amylase: [S] 80-180 units/dL (Somogyi). 

a r Antitrypsin: [S] > 180 mg/dL. 

Ascorbic acid: [P] 0.4-1.5 mg/dL (23-85 Hmol/L). 

Bicarbonate: [S] 24-28 meq/L (24-28 mmol/L). 

Bilirubin: [S] Total, 0.2-1.2 mg/dL (3.5-20.5 
umol/L). Direct (conjugated), 0.1-0.4 mg/dL (< 7 
jxmol/L). Indirect, 0.2-0.7 mg/dL (< 12 jimol/L). 

Calcium: [S] 8.5-10.3 mg/dL (2.1-2.6 mmol/L). 
Values vary with albumin concentration. 

Calcium, ionized: [S] 4.25-5.25 mg/dL; 2.1-2.6 
meq/L (1.05-1.3 mmol/L). 

P-Carotene: [S, fasting] 50-300 ^ig/dL (0.9-5.58 
umol/L). 

Ceruloplasmin: [S] 25^3 mg/dL (1.7-2.9 fimol/L). 

Chloride: [S or P] 96-106 meq/L (96-106 mmol/L). 

Cholesterol: [S or P] 150-220 mg/dL (3.9-5.72 
mmol/L). (See Lipid fractions, below.) 

Cholesteryl esters: [S] 65-75% of total cholesterol. 

C0 2 content: [S or P] 24-29 meq/L (24-29 mmol/L). 

Complement: [S] C3 (p ic ), 90-250 mg/dL. C4 
(p 1E ), 10-60 mg/dL. Total (CH 50 ), 75-160 
mg/dL. 

Copper: [S or P] 100-200 jig/dL (16-31 umol/L). 

Cortisol: [P] 8:00 AM, 5-25 U-g/dL (138-690 
nmol/L); 8:00 PM < 10 H-g/dL (275 nmol/L). 

Creatine kinase (CK): [S] 10-50 IU/L at 30 °C. 

Creatine kinase isoenzymes: BB, 0%; MB, 0-3%; 
MM, 97-100%. 

Creatinine: [S or P] 0.7-1.5 mg/dL (62-132 
umol/L). 

Cyanocobalamin: [S] 200 pg/mL (148 pmoI/L). 

Epinephrine: [P] Supine, < 100 pg/mL (< 550 
pmol/L). 

Fecal fat: < 30% dry weight. 

Ferritin: [S] Adult women, 20-120 ng/mL; men, 
30-300 ng/mL. Child to 15 years, 7-140 ng/mL. 
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Folic, acid: [S] 2-20 ng/mL (4.5^5 nmol/L). [RBC] 
> 140 ng/mL (>31 8 nmol/L). 

( ^Gjucose^orP]65-UO mg/dL (3.6-oTl mmoTTC)^ 

7-GlutamyI transpeptidase: [S] < 30 units/L at 
30 °C. 

Haptoglobin: [S] 40-170 mg of hemoglobin-binding 
capacity. 

Iron: [S] 50-175 ^ig/dL (9-31.3 urnol/L). 

Iron-binding capacity: [S] Total, 250-410 jig/dL 
(44.7-73.4 fimoI/L). Percent saturation, 20-55%. 

Lactate: [B, special handling] Venous, 4-16 mg/dL 
(0.44-1.8 mmol/L). 

Lactate dehydrogenase (LDH): [S] 55-140 IU/L at 
30 °C; SMA, 100-225 IU/L at 37 °C; SMAC, 
60-200 IU/L at 37 °C 

Lead: [U] < 80 p.g/24 h (< 0.4 u.mol/d). 

Lipase: [S] < 150 units/L. 

Lipid fractions: [S or P] Desirable levels: HDL cho- 
lesterol, > 40 mg/dL; LDL cholesterol, < 180 
mg/dL; VLDL cholesterol, < 40 mg/dL. (To con- 
vert to mmol/L, multiply by 0.026.) 

Lipids, total: [S] 450-1000 mg/dL (4.5-10 g/L). 

Magnesium: [S or P] 1.8-3 mg/dL (0.75-1.25 
mmol/L). 

Norepinephrine: [P] Supine, < 500 pg/mL (< 3 
nmol/L). 

Osmolality: [S] 280-296 mosm/kg water (280-296 
mmol/kg water). 

Oxygen: 

Capacity: [B] 16-24 vol%. Values vary with he- 
moglobin concentration. 

Arterial content: [B] 15-23 vol%. Values vary 
with hemoglobin concentration. 

Arterial % saturation: 94-100% of capacity. 

Arterial Po 2 (Pa0 2 ): 80-100 mm Hg (10.67-13.33 
kPa) (sea level). Values vary with age. 

PaC0 2 : [B, arterial] 35-45 mm Hg (4.7-6 kPa). 

pH: [B, arterial] 7.35-7.45 (H + 44.7-45.5 nmol/L). 

Phosphatase, acid: [S] 1-5 units (King- Armstrong), 
0.1-0.63 units (Bessey-Lowry). 

Phosphatase, alkaline: [S] Adults, 5-13 units 
(King-Armstrong); 0.8-2.3 (Bessey-Lowry); SMA, 
30-85 IU/L at 37 °C; SMAC, 30-115 IU/L at 
37 °C. 

. Phospholipid: [S] 145-200 mg/dL (1.45-2 g/dL). 

Phosphorus, inorganic: [S, fasting] 3-4.5 mg/dL 
(1-1.5 mmol/L). 

Porphyrins: 

Delta-aminolevulinic acid: [U] 1.5-7.5 mg/24 h 
(11-57 jxmol/d). 
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Coproporphyria [U] < 230 jLtg/24 h (< 35Q] 
nmol/d). 

Uroporphyrin: [U] < 50 jlg/24 h (< 60 nmol/d). • -1 
Porphobilinogen: [U] < 2 mg/24 h (< 8.8 |imoI/d).:: 

Potassium: [S or P] 3.5-5 meq/L (3.5-5 mmol/L). ' 

Protein: 

Total: [S] 6-8 g/dL (60-80 g/L). 
Albumin: [S] 3.5-5.5 g/dL (35-55 g/L). 
Globulin: [S] 2-3.6 g/dL (20-36 g/L). 
Fibrinogen: [P] 0.2-0.6 g/dL (2-6 g/L). 

Pyruvate: [B] 0.6-1 mg/dL (70-1 14 u=mol/L). 

Serotonin: [B] 5-20 (ig/dL (0.2-1.14 u.mol/L). 

Sodium: [S or P] 136-145 meq/L (136-145 
mmol/L). 

Specific gravity: [B] 1.056 (varies with hemoglobin 
and protein concentration). [S] 1.0254-1.0288 
(varies with protein concentration). 

Sulfate: [S or P] As sulfur, 0.5-1.5 mg/dL (156-468 
|imol/L). 

Transferrin: [S] 200-400 mg/dL (23^5 fimol/L). 

Triglycerides: [S] < 165 mg/dL (1.9 mmol/L). (See 
Lipid fractions, above.) 

Urea nitrogen: [S or P] 8-25 mg/dL (2.9-8.9 
mmol/L). Do not use anticoagulant containing am- 
monium oxalate. 

Uric acid: [S or P] Men, 3-9 mg/dL (0.18-0.54 
mmol/L); women, 2.5-7.5 mg/dL (0.15-0.45 
mmol/L). 

Urobilinogen: [U] 0-2.5 mg/24 h (70-470 u.mol/d). 

Urobilinogen, fecal: 40-280 mg/24 h (70-470 
^mol/d). 

Vitamin A: [S] 15-60 u,g/dL (0.53-2.1 nmol/L). 

Vitamin B 12 : [S] > 200 pg/mL (> 148 pmol/L). 

Vitamin D: [S] Cholecalciferol (D 3 ): 25-Hydroxy- 
cholecaiciferol, 8-55 ng/mL (19.4-137 nmol/L); 
1, 25 -dihydroxy cholecalciferol, 26-65 pg/mL (62- 
155 pmol/L); 24,25-dihydroxycholecalciferol, 1-5 
ng/mL (2.4-12 nmol/L). 

Volume, blood (Evans blue dye method): Adults, 
2990-6980 mL. Women, 46.3-85.5 mL/kg; men, 
66.2-97.7 mL/kg. 

Zinc: [S] 50-150 u.g/dL (7.6.5-22.95 umol/L). 
HORMONES, SERUM OR PLASMA 



Adrenal: 

Aldosterone: [P] Supine, normal salt intake, 2-9 
ng/dL (56-250 pmol/L); increased when up- 
right. 

Cortisol: [S] 8:00 AM, 5-20 ng/dL (0.14-0.55 
ujnol/L); 8:00 pm, < 10 u.g/dL (0.28 u.mol/L). 
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Deoxycortisol: [S 
(> 0.2 n.mol/L). 
Dopamine: [P] < 
Epinephrine: [P] < 
Norepinephrine: [ 

Gonad: 

Testosterone, free 
0.3-2 ng/dL. (1 

Testosterone, tote 
adult men, 3l 

20- 80 ng/dL; li 
Estradiol (E^): [5 

pg/mL; wome 
24-68 pg/mL; 

21- 30 days, 72 
= 3.6 pmol/L.) 

Progesterone: [i 
mg/mL; luteal 

> 24 ng/mL; m 

Islets: 

Insulin: [S] 4-25 
C-peptide: [S] 0.S 
Glucagon: [S, fas 

Kidney: 

Renin activity: 
sodium intake: 
3-6 ng/mL/h. 
ng/mL/h; stanc 

Parathyroid: Para! 
method and anti 
cium. 

Pituitary: 

Growth hormone 
(46-^65 pmol/ 

Thyroid-stimulat 
uJJ/mL. 

Follicle-stimulati 
tal, 2-12 mlL 
adult women, 
menopausal, 3 1 

Luteinizing horn 
mlU/mL; adt 
women, < 3 
menopausal, > 

Corticotropin (A 
100 pg/mL (2: 

Prolactin: [S] 1-: 

Somatomedin C: 

Antidiuretic hor 
Serum osmoh 

> 290 mosm/k 

Placenta: 

Estriol (E 3 ): [S] 

< 0.2 [ig/dL (< 
Chorionic gonac 

< 9 mlU/mL; 
tion, > 10 mil 
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tion. vicious u., union of the ends of a fractured 
bone so as to produce deformity, 
uniovular (u"ne-ov'u-lar) [uni- + L. ovum egg] aris- 
ing from one ovum; said of monozygotic twin pregnan- 
cies. 

unipara (u-nip / ah-rah) primipara. 
I uniparental (u"ne-pah-ren'tal) pertaining to one of 

the parents only, 
uniparous (u-nip'ah-rus) [uni- + L. parere to bring 
forth, produce] 1. producing only one ovum or off- 
spring at one time. 2. primiparous. * 
unipolar (u"nI-po'lar) [uni- + L. polus pole] having 

but a single pole or process, as a nerve cell, 
unipotency (u'^I-po'ten-se) [L. unus one + potentia 
power] the ability of a part to develop in one manner 
only, or of a cell to develop into only one type of cell. 
J unipotent (u-nip'o-tent) unipotential. 
f unipotential (u'^I-po-ten'shal) [uni- + L. potens able] ' 
capable in one way only; said of cells which have had 
their fates determined and can give rise to cells of one 
order only. Cf. totipotentiaL 
| unirritable (un-irl-tah-b'l) not irritable; not capable 
kt of being stimulated. 

Hiniseptate (u"ne-sep / tfit) having only one septum, 
^unisexual (u"ni-seks'u-al) [uni- + L. sex us sex] of 
only one sex; having the sexual organs of one sex only. 
|unit (u'nit) [L. unus one] 1. a single thing. 2. a quan- 
tity assumed as a standard of measurement. 3. a 
gene, alexinic u. t the smallest quantity of alexinic 
serum required to lyse a given amount of red blood cells 
in the presence of an excess of hemolytic serum. Al- 
len-Doisy u., see mouse u. and rat u. ambocep- 
tor u., the least quantity of amboceptor with which a 
definite amount of red blood cells will be lysed by an 
excess of complement. American Drug Manu- 
facturers' Association u., one tenth of the S teen- 
bock unit. Angstrom u., the unit of wavelength of 
electromagnetic and corpuscular radiations, equ^al to 
10~ T mm. Called also angstrom. Abbreviated A., A., or 
A.U. Ansbacher u., a unit of vitamin K dosage, 
antigen u., the least quantity of antigen which will fix 
one unit of complement so as to prevent hemolysis, 
antitoxic u., a unit for expressing the strength of an 
, antitoxin. The unit of diphtheria antitoxin is approxi- 
. mately the amount of antitoxin which will preserve the 
s life of a guinea pig weighing 250 gm. for at least four 
days after it is injected subcutaneously with a mixture 
of 100 times the minimum lethal dose of diphtheria 
\ toxin. Practically, it is the equivalent of a standard unit 
i preserved in Washington. The unit of tetanus antitoxin 
is approximately ten times the amount of tetanus 
antitoxin which will preserve the life of a guinea pig 
• weighing 350 gm. for at least ninety-six hours after 
^injection of a mixture with 100 minimum lethal doses of 
! tetanus toxin. The U.S. Public Health Service unit for 
scarlet fever antitoxin neutralizes SO skin test doses of 
scarlet fever toxin. Abbreviated AE. (Ger. antitoxinein- 
heit). atomic mass u., the unit mass equal to A 
| the mass of the nuclide of carbon- 12; abbreviated amu. 
. atomic weight vu, atomic mass u. avena u., the 
J amount of auxin which applied to one side of the tip of 
fan oat sprout will cause a curvature of 10 degrees, 
f. Behnken's u., a unit of roentgen-ray exposure, being 
f that quantity which, when applied in 1 cc. of air at 18* 
\C. and 760 mm. Hg of pressure, engenders sufficient 
^electric conductivity to equal one electrostatic unit, as 
^measured by the saturation current. Bodansky u., 
f, the quantity of phosphatase in 100 ml. of serum required 
|to liberate 1 mg. of phosphorus as phosphate ion from 
| sodium /3-glycerophosphate in 1 hour at 37° C. and under 
f other standardized conditions. British thermal U., 
| the amount of heat necessary to raise the temperature 
|6f 1 pound of water from 39* F. to 40* F., abbreviated 
|B.T.U. cat. u., that amount of digitalis calculated 
|per kilogram of weight of a cat which is just sufficient 
|to kill when slowly and continuously injected into the 
|vein (Hatcher). C. G. S. u M any unit in the centime- 
| ter-gram -second system. Clauberg's u., a unit of 
| progestin which is essentially one half of a Corner- Allen 
s unit, clinical u.> a unit of estrogenic activity equal 
jfcto approximately one sixth of the international unit. 
|Colup u. 9 a unit of dosage of parathyroid extract: it is 



one one-hundredth of the amount required to L__ 

by 5 mg. the quantity of calcium in 100 ml. of blood at 
the end of fifteen hours in a dog of 20 kg. weight, 
complement U., the least quantity of complement 
which will hemolyze a definite amount of red blood cells 
in the presence of an amboceptor unit. Corner- Al- 
len u., a unit of progestin dosage, coronary care 
u., a specially designed and equipped hospital area con- 
taining a small number of private rooms, with all 
. facilities necessary for constant observation and possible 
emergency treatment of patients with severe heart 
disease. Craw u., the amount of veratrum viride 
which causes cardiac arrest in the crustacean Daphnia 
magna, u. of current, see ampere, dental u M 
1. a single tooth. 2. a piece of dental equipment pro- 
viding several services (electrical, air, gas, etc.). digi- 
talis u., any of several units once used in bioassay of 
digitalis preparations and named according to the 
animal in which it was determined, as cat unit, etc. 
electromagnetic u's, that system of units based on 
the fundamental definition of a unit magnetic pole as 
one which will repel an exactly similar pole with a force 
of one dyne when the poles are 1 cm. apart, elec- 
trostatic u's, that system of units based on the funda- 
mental definition of a unit charge as one which will 
repel an equal and like charge with a force of one dyne 
when the two charges are X cm. apart in a vacuum. 
Abbreviated E.S.E. (Ger., elektrostatische einheiO and 
e.s.u. enzyme u., that amount of an enzyme which 
will catalyze the transformation of 1 micromole of 
substrate (or of 1 microequivalent of the substrate group 
when more than one bond is attacked, as in polysaccha- 
rides) per minute under standard conditions of tempera- 
ture (30* C), optimal pH, and optimal substrate concen- 
tration. Felton's u., a mouse protective unit of an- 
tipneumococcic serum; it is that quantity of antibody 
capable of protecting a white Swiss mouse against one 
million fatal doses of a standard pneumococcus culture 
of the corresponding type. Frequently, it is considered to 
be the equivalent of the National Institutes of Health 
control serum (P-ll). Florey u. (obs.), Oxford u. 
u. of force, see dyne. Hampson u., a unit of 
roentgen-ray exposure; it is one quarter of the erythema 
dose. Hanson u., a unit of parathyroid extract, be- 
ing one one-hundredth of the amount required to 
increase by 1 mg. the amount of calcium in the blood 
serum of a parathyroidecto mized dog weighing 15 kg. 
u. of heat, the quantity of heat required to raise the 
temperature of a kilogram of water 1" C. See calorie and 
British thermal u. hemolytic U., the amount of in- 
activated immune serum which, in the presence of 
complement, will completely hemolyze 1 ml. of a 5 per 
cent suspension of washed red blood cells, hemor- 
r ha gin u., the amount of snake venom necessary to 
produce hemorrhages in the vascular network of a 
three-day-old chick embryo. Holzknecht u., a unit 
of roentgen-ray exposure equal to one-fifth the ery- 
thema dose. Abbreviated H. intensive care u., a 
hospital unit in which are concentrated special equip- 
ment and skilled personnel for the care of seriously ill 
patients requiring immediate and continuous attention; 
abbreviated ICU. International u., a unit of bio- 
logical material, as of enzymes, hormones, vitamins, etc., 
established by the International Conference for the 
Unification of Formulas, international u. of es- 
trogenic activity, the estrus-producing activity 
represented in 0.1 microgram of the international 
standard estrone, international u. of gonado- 
trophic activity, the specific gonadotrophic activity 
of 0.1 mg. of the standard material preserved at and 
distributed from the National Institute for Medical 
Research, Hampstead, London. It is derived from preg- 
nancy urine and it is approximately the amount re- 
quired to produce cornification of the vaginal epithelium 
of the immature rat. international insulin u., 
one twenty-second of a milligram of the pure crystalline 
product now adopted as the standard. interna- 
tional u. of male hormone, the androgenic activity 
represented in 0.1 mg. of crystalline androsterone. 
international u. of penicillin, the specific penicil- 
lin activity contained in 0.6 microgram of the interna- 
tional standard sodium salt of II or G penicillin, in- 
ternational u. of vitamin A, activity equivalent to 
0.6 micrograms of pure beta-carotene. interna- 



Martindale 

The complete drug reference 



Thirty-third edition 



Edited by 

Sean C Sweetman 

BPharm, MRPharmS 



London • Chicago 




ndoabetocs 



Hg chapter describes diabetes mellitus and its man- 
agement with antidiabetics. The oral drugs included 
in this chapter are classified in Table 1 , below; insulin, 
which is given parenterally, is discussed on p.324 and 
classified in Table 2, p.326. 

f Diabetes mellitus 
Diabetes mellitus is a group of disorders of carbohydrate 
* Me'tkbtilism in which the action of insulin is diminished 
' or absent through altered secretion, decreased insulin ac- 
tivity; or a combination of both factors. It is characterised 
by hyperglycaemia. As the disease progresses tissue or 
vaspufc damage ensues leading to severe complications 
such £s -retinopathy,' nephropathy, neuropathy, cardiovas- 
cular disease, and foot ulceration. 
Diabetes mellitus may be categorised into several types 
bundle two major types are type 1 (insulin-dependent di- 
m ' abijtei mellitus; IDDM) and type 2 (non-insulin-depend- 
ent diabetes mellitus; NIDDM). The terra juvenile-onset 
diabetes has sometimes been used for type 1 and.maturi- 
tyroiiset diabetes for type 2. Malnutrition-related diabe- 
tes is no longer considered a separate entity (see Effects 
of Cassava, under Starch, p. 1380). 
lypel diabetes mellitus is present in patients who have 
little or rio endogenous insulin secretory capacity and 
wr^bj therefore require exogenous insulin therapy for sur- 
vival! ^This form of the disease has an auto-immune basis 
in most cases, and usually develops before adulthood. 
Tri& ^ss^ciated hypoinsulinaemia and hyperglucagpnae- 
mia put such patients at risk of ketosis and ketoacidosis, 
tfi tjroe 2 diabetes mellitus the disease typically devel- 
ops*^ latex .life Insulin secretion may appear normal or 
ev6n excessive (and type 2 patients are thus less prone to 
ketosjs) but it is insufficient to compensate for insulin re- 
sistance. Obesity is present in the majority of type 2 pa- 
tients; rion-obese patients tend to have low insulin secre- 
tdr$i£aj>aciry (although not as low as in type 1 diabetes) 
'rather man appreciable insulin resistance. 
Diagnosis of diabetes mellitus. Diagnosis is based upon 
Wood-glucose concentrations exceeding set values under 
specified conditions.'" 4 Diabetes mellitus is likely if the 
Jglb&ose concentration in a random sample Of. venous 
pla^ina.is .11.1 mmol or more per litre. If there are ac- 
companying symptoms of increased thirst and urine vol- 
urrl£' recurrent infections and weight loss, the presence 
of. marked hyperglycaemia is considered diagnostic of 
diabetds. In the absence of symptoms or if the. elevation 
of blqqd-glucose concentration is less marked (more of- 
ten>&e'case with type 2 than with type 1 diabetes), the> 
diagnosis needs to be confirmed either by repeated sam- 
Bli^ br by an oral glucose tolerance test (OGTT). This 
test consists of an overnight fast followed by measure- 
meht of the fasting blood-glucose concentration, then the 
adijiirustration of a 75-g oral glucose load (in children 
*i7STg per kg body-weight up to a maximum of 75 g), 
andMrurther measurement of the blood-glucose concen- 
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tratiori two hours later. Diagnostic values for measure- 
ments in venous whole blood are greater than or equal to 
6. 1 mmol per litre for the fasting state and 10.0 mmol per 
litre after the glucose load. The corresponding values for 
capillary whole blood are 6.1 and 11.1 mmol per litre, 
and for venous plasma 7.0 and 11.1 mmol per litre. 5 
There has been some confusion at an international level 
as to whether the glucose load should be 75 g of the an- 
hydrous form or the monohydrate. Sources at WHO have 
therefore suggested that the form should be standardised 
as 75 g of anhydrous glucose (anhydrous dextrose), 
which would be equivalent to 82.5 g of the monohydrate 
(glucose BP; dextrose monohydrate). The threshold for 
the diagnosis of diabetes has recently been lowered from 
a fasting plasma glucose concentration of 7.8 mmol per 
litre, 3 to reflect an increased risk of microvascular dis- 
ease in patients with concentrations of 7.0 mmol per litre 
or more. However, there has been some concern about 
the lack of agreement between these newer criteria and 
the previous ones, which may result in alterations in 
prevalence of diabetes. 6,7 

Other diagnostic methods, such as measurement of gly- 
cosylated haemoglobin have been investigated. 8 There is 
also some interest in using antibodies to insulin, to islet 
cells, or to the enzyme glutamic acid decarboxylase, as 
predictive tests for those patients likely to develop diabe- 
tes mellitus. 9 , 

Once the presence of diabetes has been confirmed the 
distinction between type 1 and type 2 is made on clinical 
grounds. 

Management of diabetes mellitus. 

• dietary modification. Dietary control is important in 
both type 1 and type 2 diabetes, and in the latter, pos- 
sibly in association with increased exercise (see be- 
low), may sometimes correct the condition, at least 
temporarily. Reducing dietary sugar is not the Only 
aim. Correction of obesity is desirable in all patients 
and in those with type 2 diabetes it will remove one of 
the factors associated with insulin resistance. Anorec- 
tic drugs are not effective in promoting weight loss in 
these patients. 10 A high fibre intake may also lower 
blood-glucose concentrations and additional fibre is 
sometimes taken in the form of guar gum (see p.324). 
The influence of diet on diabetes is such that all diabet- 
ic patients need to be aware of the composition , of 
foods and to be able to make adjustments to their diet, 
especially to counteract treatment-induced hypogly- 
caemia. Controversy continues, however, as to the op- 
timum composition of the diet in diabetics, and in par- 
ticular as to what the relative contribution of calories 
' from fat and from carbohydrate should be. 

• exercise. All diabetic patients should be encouraged to 
exercise, according to their age and physical capabili- 

. ty. 3 Exercise improves metabolism and enhances the 
action x>f insulin on the tissues. It is also a useful com- 
ponent of any weight reduction programme although 
diet is more effective in promoting weight loss and 
metabolic control. 10 

• oral antidiabetics. If patients with type 2 diabetes 
have not achieved suitable control after about 3 months 
of dietary modification and increased physical activity, 
then oral antidiabetics (oral hypoglycaemics) may be 
tried. The. two major classes are the sulfonylureas and 
the biguanides. Sulfonylureas act mainly by increasing 
endogenous insulin secretion, while biguanides act 
chiefly by decreasing hepatic gluconeogenesis and in- 
creasing peripheral utilisation of glucose. Both types 
function only in the presence of some endogenous in- 
sulin production. More recently developed classes of 

, oral antidiabetics include the alpha-glucosidase inhib- 
itors, the meglitinides, and the thiazolidinediones (see 
Table 1). Alpha-glucosidase inhibitors act by delaying 
the absorption of glucose from the' gastrointestinal 
tract; meglitinides increase endogenous insulin secre- 
tion; and thiazolidinediones appear to increase insulin 
sensitivity. 

Oral treatment of type 2 diabetes in non-obese patients 
is usually begun with a sulfonylurea. Chlorpropamide 
and glibenclamide have long half-lives and hence an 
increased tendency to cause hypoglycaemia, although 
a large study 11 reported that hypoglycaemic episodes 
were less frequent with chlorpropamide than gliben- 
clamide. These 2 drugs are best avoided in the elderly; 



a sulfonylurea with a short half-life, such as gliclazide, 
gliquidone, or tolbutamide, should be used instead. 
There is evidence that the use of low-dose sulfonylurea 
therapy in patients with diagnosed type 2 diabetes but 
near-normoglycaemia due to early remission (the so- 
called honeymoon period) can delay the onset of hy- 
pe^glycaemia. ,2 

Sulfonylureas can cause weight gain and obese pa- 
tients are preferably treated with the biguanide metfor- 
min rather than with a sulfonylurea. Results from the 
UK Prospective Diabetes Study (UKPDS) have sug- 
gested that the use of metformin to provide intensive 
blood-glucose control in overweight diabetic patients 
substantially reduced the risk of diabetes-related end- 
points such as myocardial infarction, stroke, amputa- 
tion, renal failure, blindness, and death. 13 Metformin is 
as effective as the sulfonylureas in terms of blood-glu- 
cose control and is less likely to cause hypoglycae- 
mia, 13 but has a rare tendency to cause lactic acidosis 
in patients with renal impairment, in whom it should 
not be used. 

Drug treatment may also involve an alpha-glucosidase 
inhibitor, such as acarbose or miglitol. These, have a 
small but significant effect in lowering blood glucose 
and do not cause hypoglycaemia when used alone, but 
they can cause intolerable gastrointestinal effects. 
Meglitinides. such as repaglinide and nateglinide are a 
new chemical class of antidiabetics which act similarly 
to sulfonylureas; repaglinide has a rapid onset and 
short duration of action and' is administered with 
meals. The thiazolidinediones, such as pioglitazone or 
rosiglitazone, appear to increase insulin sensitivity and 
have been the subject of much interest for type 2 dia- 
betes and insulin resistance, but hepatotoxicity has 
limited the use of troglitazone. 

Should treatment with one of the oral antidiabetics fail 
then a different type or in some instances combinations 
of different types may produce improvement. Alarm- 
ing evidence 13 ^ an increased risk of death in UKPDS 
patients given intensive therapy with metformin in 
combination with a sulfonylurea was not borne out by 
further analysis, and this combination is widely used. 
In patients in whom such combinations fail or are con- 
tra-indicated, pioglitazone or rosiglitazone may be 
combined with metformin or a sulfonylurea as an al- 
ternative to progressing to insulin. Biguanides may 
also be added to meglitinide therapy. Alpha-glucosi- 
dase inhibitors may. improve diabetes control when 
used as an adjunct to sulfonylureas or biguanides. 
Guar gum may also be used as an adjunct to any of the 
oral hypojglycaemids to enhance the improvement in 
blood-glucose control. 

Patients with type 2 diabetes who cannot be controlled 
adequately by oral therapy and diet need insulin either 
in addition to or in place of oral therapy. Type 2 diabe- 
tes is a progressive disease, and about 30% of those on 
sulfonylureas will be transferred to insulin treatment 
within 4 years, a change which now tends to be made 
earlier owing to increasingly strict criteria for glycae- 
mic control (tight control of blood glucose has now 
been shown to decrease the risk of complications, see 
Diabetic Complications, below). There is evidence 
that therapy with insulin and a sulfonylurea is more ef- 
fective than therapy with insulin alone in type 2 pa- 
tients. 14 Biguanides and alpha-glucosidase inhibitors 
may also be combined with insulin. As insulin therapy 
is associated with more hypoglycaemic episodes and a 
greater tendency to weight gain it remains reasonable 
to begin with oral therapy in type 2 diabetes before 
proceeding to insulin. 15 

Insulin is also substituted for oral treatment to provide 
cover during periods of severe stress, as in severe in- 
fection, trauma, or major surgery. Type 2 patients who 
become pregnant should also be switched from oral 
therapy to insulin (see Pregnancy, below). 
• insulin therapy. While insulin may not be a necessary 
part of the treatment of type 2 diabetes, it is essential 
in the treatment of patients with type 1 , since they have 
little or no endogenous insulin secretory capacity. 
The aim of insulin therapy is to achieve the best possi- 
ble control of blood-glucose concentrations without 
the risk of the hypoglycaemia that can occur if too fine 
a degree of control is attempted. Tight control of 
blood-glucose concentrations can reduce the long- 
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term complications of diabetes such as retinopathy, ne- 
phropathy, and neuropathy (see Diabetic Complica- 
tions, below) but in some patients (such as the elderly, 
or those who lack motivation) it may be better merely 
to alleviate symptoms rather than attempt tight control. 
Exercise and dietary discipline are necessary to mam- 
tain normal sensitivity to insulin. 
Insulin may be of beef or pork origin, or it may be hu- 
man insulin produced by gene technology or by modi- 
fication of porcine insulin. Human and porcine insulin 
are less immunogenic than bovine insulin and where 
possible most newly diagnosed type 1 patients are how 
given human insulin. Modified insulin analogues such 
as insulin lispro are now available. 
Insulin is available in a range of preparations offering 
a short, intermediate, or long action on subcutaneous 
injection. Insulin dosage schedules make use of the 
varying durations of action, for example by incorporat- 
ing a short-acting and intermediate-acting insulin into 
a daily schedule. Most patients with type 1 diabetes 
require two or three injections of insulin daily, or with 
intensive regimens even more. A once-daily regimen 
can be used if the patient is simply to be kept asymp- 
tomatic; this may also be successful in patients with 
type 2 diabetes not satisfactorily controlled by oral 
antidiabetics. 

The various types of insulin may also be given intra- 
muscularly but the subcutaneous route is usually pre- 
ferred. Soluble insulin can also be given intravenously, 
Details of insulin administration are given on p.330. 

• immunosuppression. Many pauents with type 1 diabe- 
tes experience a temporary improvement in pancreatic 
beta-cell function soon after initial treatment with in- 
sulin. This produces a period of remission known as 
the honeymoon period during which a small dose of 
insulin is sufficient to maintain good control. Attempts 
to prolong the honeymoon period have included tight 
control immediately following diagnosis and also, giv- 
en the probable auto-immune nature of the condiuon, 
administration of an immunosuppressant. 16 " 

• pancreatic transplantation . Transplantation of the 
whole pancreas in patients with type 1 diabetes poorly 
controlled by insulin therapy has led to insulin-inde- 
pendence, and has usually been carried out in associa- 
tion with kidney transplantation (see also Other Or- 
gans," under Organ and Tissue Transplantation, 
p.504). 21 " 23 Transplantation of pancreatic islet cells 
has been investigated as an alternative. 22 - 27 However, 
few patients to date have remained independent of in- 
sulin within a year of islet-cell transplantation. Re- 
sults in animals have suggested that a reasonable de- 
gree of glycaemic control may be achievable long term 
without immunosuppression, using a vascularised 'ar- 
tificial pancreas* containing. allogeneic or even xeno- 
geneic islet cells 28 

• other drug treatments. Various other drugs have 
been tried for diabetes mellitus, particularly when con- 
ventional therapy has proved unsuccessful. Addition 
of the amylin analogue pramlintide to insulin therapy 
has improved glycaemic control in patients with type 
1 and type 2 diabetes. 29 - 30 Other approaches under in- 
vestigation include inhibition of fatty acid oxidation or 
the use of ^-adrenoceptor agonists (selective agonists 
of p-receptors thought to be associated with lipolysis 
and thermogenesis) to stimulate energy expenditure. 
Mecasermin, (insulin-like growth factor I; IGF-1) has 
been shown to improve metabolic control in patients 
with type 1 diabetes and insulin resistance (and in 
some type 2 patients). 32 - 33 Glucagon-like peptide J 
(GLP-1; insulinotropin) improves glycaemic control 
in type 2 patients. 34 Improvements in insulin sensitivi- 
ty have also been seen in insulin-resistant type 2 pa- 
tients treated with a haemodialysate of calf blood, 
while in other studies improved insulin sensitivity was 
seen following treatment with the vanadium salt, va- 
nadyl sulfate,* 6 or chromium supplementation. 

• prophylaxis. Because overt diabetes is the culmina- 
tion of a prolonged process methods to delay or pre- 
vent its development are being investigated, either by 
modifying risk factors in populations or groups, or by 
targeting individuals thought to be at high risk. Strate- 
gies under consideration for the prevention of type 1 
diabetes include avoidance of cows' milk proteins 
(thought to be a possible environmental trigger) during 
infancy; 38 administration of free radical scavengers 
such as nicotinamide; 39 administration of prophylactic 
insulin 40 * 41 (or possibly of oral antidiabetics) to allow 
'beta cell rest'; encouraging the development of anti- 



gen tolerance, for example by the oral administration 
of antigens such as insulin, glutamic acid decarboxyl- 
ase, or heat shock protein 4 133 (a similar approach us- 
ing subcutaneous antigen has apparently extended the 
honeymoon period in animal studies 44 ); or by immu- 
nosuppression (see above) or immunomodulation with 
agents such as BCG vaccine, 45 although some have 
found the latter ineffective 46 Preventive strategies for 
insulin resistance and type 2 diabetes have tended to 
focus on weight loss and dietary modification. Howev- 
er, prophylactic drug therapy may be possible: a study 
with troglitazone in nondiabetic obese subjects dem- 
onstrated reduced insulin resistance, and improved 
glucose tolerance in those in whom it was im- 
paired. 47 ' 48 

Monitoring of therapy. Monitoring of therapy is an in- 
tegral part of the management of the diabetic patient. De- 
tection of urinary glucose has generally been superseded 
by the monitoring of blood glucose (see Glucose Tests, 
p 1616). For adequate diabetic control, the aim is to re- 
duce fasting blood-glucose concentrations to within the 
range 3.3 to 5.6 mmol per litre of venous whole blood, 
and postprandial concentrations to below 10 mmol per li- 
tre 5 Many patients monitor their blood-glucose concen- 
trations regularly at home and this is essential for inten- 
sified insulin regimens when tight control is required. 
The value of self-monitoring of blood-glucose concen- 
trations in type 2 patients is more debatable; 49 Detection 
of urinary ketones is useful in diabetics prone to ketosis; 
this is usually performed in clinics. Diabetic clinics also 
measure the degree of haemoglobin glycosylation (Ho A! 
or HbA, c ) as an indicator of longer term blood-glucose 
control and hence the risk of complications (see Diabetic 
Complications, below). More recently the advanced^gly- 
cation end-product (AGE) of haemoglobin has also been 
found to be a useful indicator of long-term blood glucose 
control. 50 Techniques for continuous monitoring of 
blood glucose are under investigation, 51 ' 52 as are nonin- 
vasive or minimally invasive methods. 
Pregnancy. Adverse pregnancy outcomes, including 
spontaneous abortion and congenital malformation, are 
more common in diabetic than in nondiabetic women. 
Improved management of the pregnant diabetic patient 
particularly early in pregnancy, lessens the incidence of 
such events, 54 - 55 but an increased risk still exists. 30 Dia- 
betic women are advised to plan their pregnancies so that 
elvcaemic control can be improved before conception. 
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Some may need to avoid pregnancy (most commonly be- 
cause of renal disease), 57 but management has improved 
sufficiently for this to be rare. 55 

Insulin is the preferred treatment in pregnancy, 58 even in 
women with type 2 diabetes; patients taking oral antidia- 
betics should therefore be switched to insulin. Insulin 
regimens are similar to those in nonpregnant patients, the 
dose being adjusted according to. regular blood-glucose 
measurements. Insulin requirements may decrease dur- 
ing the first trimester but they increase during the latter 
two, reaching about twice prepregnancy requirements at 
term; they then fall once labour has begun and fall again 
after delivery. 58 

Pregnant diabetic patients are at risk of nocturnal hy- 
poglycaemia owing to continued fetal glucose consump- 
tion while the mother is in a relatively fasting state. They 
are also prone to diabetic ketoacidosis which must be 
treated with great urgency because of the high nsk of fe- 
tal loss. : 

Gestational diabetes, that is diabetes which develops dur- 
ing pregnancy, may simply be impaired glucose toler- 
ance associated with pregnancy. 59 It is not clear whether 
treatment of gestational glucose intolerance sienificanUy 
decreases perinatal mortality or birth-weight. 1 * There is, 
therefore, disagreement about the benefits of ^ universal 
screening for gestational glucose intolerance. 3 *-" Many 
women with gestational diabetes may be managed by 
diet alone or, if necessary, also with insulin..Some work- 
ers however, have advocated prophylactic administra- 
tion of insulin to women who could be managed by diet 
alone, in view of the metabolic effects of insulin. 
Surgery. Insulin-dependent diabetics who require sur- 
gery may be managed with a continuous intravenous in- 
sulin infusion. 64 Insulin is given as normal the night be- 
fore operation, and switched to either a variable-rate 
infusion via a syringe pump, together with a 5 or 10% 
glucose drip (with potassium chloride, provided the pa- 
tient is not hyperkalaemic), or to a combined insulin-glu- 
cose infusion, on the day of operation. (Many anesthet- 
ists prefer insulin and a sodium chloride infusion if blood 
glucose is already high. 65 ) Subsequent conversion back 



to subcutaneous insulin should be undertaken before 
breakfast, giving the first subcutaneous dose 30 minutes 
before stopping continuous infusion. Non-msulin-oe- 
pendent patients should have any oral treatment omitted 
on the day of operation, and may be given insulin by a 
similar regimen if control is poor or deteriorates as can 
happen with major surgery. 
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JJFE threatening lactic acidosis can occur due 
to accumulation of metformin, risk factors 

INCLUDE RENAL IMPAIRMENT, OLD AGE AND THE USE OF 
jftlGH DOSES OF METFORMIN ABOVE 2 G PER DAY. 
Composition: Metformin hydrochloride. 

the chemical name for metformin hydrochloride is 1,1 dimethyl 

biguariide hydrochloride. . 

C 4 H„N 5 .HC1 

Jtfplecular weight: 165.6 Cas No: 1115-70-4 

Description: Metformin hydrochloride is a white, crystalline powder 
which is odourless or almost odourless and hygroscopic. It is freely solu- 
ble in water, slightly soluble in ethanol (96%), and practically insoluble 
w chloroform and ether. 

plucophage tablets come in two strengths and contain either 500mg or 
85Qmg of metformin hydrochloride. The tablets also contain the follow- 
ing excipients: povidone, magnesium stearate and hypromellose. The 
tablets are gluten free. 

Pharmacology; Glucophage is an oral biguanide hypoglycaemic agent, 
It causes an increased peripheral uptake of glucose by increasing the 
biological efficiency of available exogenous or endogenous insulin, 
the; mode of action of metforniin may ' be linked to an increase of insulin 
sensitivity. It does not stimulate insulin release but does require the presence 
of insulin to exert its hypoglycaemic effect. Possible mechanisms of action 
include inhibition of gluconeogenesis in the liver, delay in glucose absorption 
from the gastromtestinal tract and an increase in peripheral uptake of glucose. 
Metformin has an antiketogenic activity which is comparable, though 
sofriewhat inferior, to insulin itself. 

Metformin lowers both basal and post-prandial blood glucose in diabet- 
ic patients but does not cause hypoglycaemia in either diabetics or 
normal individuals. 
Pharmacokinetics: 

Absorption: After oral administration, metformin hydrochloride is 
pbsorbed along the entire gastrointestinal mucosa. Studies using single 
oral doses of metformin tablets indicate that there is a lack of dose 
proportionality with increasing doses, which is due to. decreased absorp^ 
tion rather than an increase in elimination. . 

At usual clinical doses and dosing schedules of metformin tablets, steady- 
state plasma concentrations are reached in 24 to 48 hours , and are general- 
ly less than Ijig/mL. During controlled clinical trials, maximum metformin 
plasma levels did not generally exceed 5|j.g/mL, even at maximum doses. 
Distribution: Metformin is not bound to plasma proteins. 
Metabolism: Metformin is excreted unchanged in the urine and does not 
undergo hepatic metabolism. 

Excretion: In patients with decreased renal function (based on measured 
creatinine clearance), the plasma half-life of metformin is prolonged and 
renal clearance is decreased in proportion to the decrease in creatinine 
clearance, e.g. if creatinine clearance is 10-30 mL/min, renal clearance is 
reduced to 20% of normal. 

Indications: Metformin is indicated in the treatment of type 2 diabetes 
jnellitus not satisfactorily controlled by diet, where the risk of lactic 
acidosis is minimised by excluding predisposing factors, especially 
Impaired renal, hepatic or cardiovascular function. 
Metformin may be used as initial therapy or in sulphonylurea failure, 
either alone or in combination with a sulphonylurea or as adjuvant ther- 
apy in insulin-dependent diabetes. 

Contraindications: Juvenile diabetes mellitus that is uncomplicated and 
jyell regulated on insulin; diabetes mellitus regulated by diet alone; 
hypersensitivity to biguanides; acute complications of diabetes mellitus 
such as metabolic acidosis, coma, infection, gangrene, or during or 
immediately following surgery where insulin is essential. 
Glucophage should be temporarily withheld in patients undergoing radi- 
ological studies involving intravascular administration of iodinated 
qontrast materials, because use of such products may result in acute alter- 
ation of renal function. 

Risk of lactic acidosis: Because of the danger of lactic acidosis, 
metformin should not be used in the presence of the following conditions: 
ciiminished renal function; cardiovascular disease (e.g. coronary insuffi- 
ciency, myocardial infarction and hypertension); conditions which may 
be associated with tissue hypoxia (e.g. gangrene, circulatory shock, acute 
Significant blood loss); pulmonary embolism; severe hepatic dysfunction; 
pancreatitis; excessive alcohol intake; concomitant use of diuretics. 
Precautions: Lactic acidosis is a rare but serious metabolic complication 
which can occur due to metformin accumulation during treatment with 



Glucophage. When it occurs, it is fatal in approximately 50% of cases. 
Lactic acidosis is a medical emergency and. must be treated in hospital 
immediately. The risk of lactic acidosis increases with the degree of renal 
dysfunction and the patient's age. Reported cases have occurred prima- 
rily in diabetic patients with significant renal insufficiency, often in the 
setting of multiple concomitant medical/surgical problems and multiple 
concomitant medications. 

The reported incidence of lactic acidosis in patients receiving metformin 
is very low (approximately .0.03 cases per 1,000. patient years, with 
approximately 0.015 fatal cases per 1,000 patient years). The onset is 
often subtle and accompanied by nonspecific symptoms such as malaise, 
myalgia, respiratory distress, increasing somnolence and nonspecific 
abdominal distress. Lactic acidosis may also occur in association with a 
number of pathophysiological conditions, including diabetes mellitus, 
and when there is significant tissue hypoperfusion and hypoxaemia. 
Lactic acidosis is characterised by acidosis (decreased blood pH), elevat- 
ed lactate levels with increased lactate/pyruvate ratio and electrolyte 
disturbances with an increased anion gap. 

When metformin is implicated as the cause of lactic acidosis, metformin 
plasma levels greater than 5p\g/mL are generally . found (See 
Pharmacokinetics). Underlying renal disease, or a deterioration. in renal 
function, result in reduced clearance of metformin and drug accumula- 
tion and are therefore major risk factors in lactic acidosis. The risk of 
lactic acidosis may therefore be significantly decreased by regular moni- 
toring of renal function in patients taking metformin and by the use of the 
minimum effective dose of metformin. Tn addition, metformin, therapy 
should be temporarily stopped in the presence of any condition associat- 
ed with hypoxaemia or dehydration, in patients suffering from serious 
infections or trauma, (particularly if gastrointestinal disturbances are 
noted or acidosis is suspected) and in those undergoing surgery. 
Radiological studies involving the. use of intravascular iodinated contrast 
materials (for example intravenous .urogram, intravenous cholangiography, 
angiography, any computed .tomography scans with intravascular contrast 
materials) can lead to acute alteration of renal function and have been asso- 
ciated with lactic acidosis in patients receiving metformin. Therefore, in 
patients in whom any such study is planned, Glucophage should be discon- 
tinued at the time of, or prior to, the procedure, and reinstituted only after 
renal function has been re-evaluated and found to be normal. 
Alcohol is known to potentiate the effect of metformin on lactate metab- 
olism. Patients should therefore be warned against excessive alcohol 
intake, acute or chronic, while taking metformin. 

Periodic assessment of renal; hepatic and cardiovascular function is' 
recommended during prolonged periods of treatment with metformin. 
Patients receiving continuous metforrnin therapy should have an annual 
estimation of vitamin B 12 levels because of . reports of decreased vitamin 
B 12 absorption, 

Carcinogenicity/Mutagenicity: Long term carcinogenicity studies have 
been performed in rats (dosing duration of 104 weeks) and mice (dosing 
duration of 91 weeks) at doses up to and including 900mg/kg/day and 
1500mg/kg/day, respectively. These doses are both approximately two to 
three times the recommended human daily dose on a body surface area 
basis. No evidence of carcinogenicity with metformin was . found in 
either male or female mice. Similarly, there was no tumourigenic poten- 
tial observed with metformin in male rats. However, an increased inci- 
dence of benign stromal uterine polyps was seen in female rats treated 
with 900mg/kg/day. 

No evidence of a mutagenic potential of metformin was found in the 
Ames test (S. typhimurium), gene mutation test (mouse lymphoma cells), 
chromosomal aberrations test (human lymphocytes), or in vivo micronu- 
clei test (mouse bone marrow). 

Fertility of male or female rats was unaffected by metformin administra- 
tion at doses up to 600mg/kg/day, or approximately twice the maximum 
recommended human daily dose on a body surface area basis. 
Use in Pregnancy: Category C. Since it is important to achieve strict normo- 
glycaemia during pregnancy, metformin should be replaced by insulin. 
Metformin was not . teratogenic in rats and rabbits at doses up to 
600mg/kg/day, or about two times the maximum recommended human 
daily dose on a body surface area basis. Determination of fetal concen- 
trations demonstrated a partial placental barrier to metformin. Because 
animal reproduction studies are not always predictive of human 
response, any decision to use this drug should be balanced against the 
benefits and risks. The safety of metformin in pregnant women has not 
been established. 

Because recent information suggests that abnormal blood glucose 
levels during pregnancy are associated with a higher incidence of 
congenital abnormalities, there is a consensus among experts that 
insulin be used during pregnancy to maintain blood glucose levels as 
close to normal as possible. 
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total daily insulin dose on the previous regimen. Approximately 50% 
of the total dose is to be given as the basal rate, and the remainder 
is to be divided between breakfast, lunch, dinner and snacks. The 
usual individual daily insulin requirement of between 0.5 and 1 .0 
U/kg/day also applies when NovoRapid is used in CSH. 
Patients using CSH should be comprehensively instructed in the use 
of the pump system. The infusion and reservoir set should be 
changed every 48 hours using aseptic technique. Patients adminis- 
tering NovoRapid by CSII must always carry a spare vial of No- 
voRapid and a U100 syringe, or an alternative insulin delivery sys- 
tem, in case of pump system failure. 

NovoRapid is administered by subcutaneous injection in the ab- 
dominal wall, the thigh, the deltoid region, the gluteal region, or 
by subcutaneous infusion in the abdominal wall. Injection sites 
should be rotated within the same region. When injected subcut- 
aneously into the abdominal wall, the onset of action will occur 
within 1 0 to 20 minutes of injection. The maximum effect is exerted 
between one and three hours after the injection. The duration of 
action is three to five hours. As with all insulins the duration of 
action will vary according to the dose, injection site, blood flow, 
temperature and level of physical activity. The faster onset of 
action of NovoRapid compared to soluble human insulin is main- 
tained regardless of injection site. Formal studies on the bioavail- 
ability of NovoRapid administered by subcutaneous injection in 
the gluteal region have not been conducted. 
Transfer of patients to NovoRapid. NovoRapid differs from human 
insulin by its rapid onset and shorter duration of action. Because of 
the rapid onset of action, the injection of NovoRapid should immedi- 
ately be followed by a meal. 

Insulin aspart is equipotent to soluble human insulin with respect to 
hypoglycaemic effect, receptor- affinity and effect on lipogenesis. 
Patients currently treated with human insulin can be transferred to 
NovoRapid oh a unit for unit basis when administered just before a 
meal. Although no change in dose is anticipated other than the 
routine adjustments made in order to maintain stable diabetic control, 
any change to insulin therapy should be made under medical super- 
vision and bipod glucose should be monitored. 
Instructions for use and handling. 10 mL vials. NovoRapid vials 
are for use with U 100 insulin syringes and for use with an infusion 
pump system. The carton contains a Consumer Medicine Information 
package leaflet with instructions for use and handling. 
3 mL Penfill cartridges. The carton contains a Consumer Medicine 
Information package leaflet. with instructions for use and handling. 
The leaflet refers to the Instructions for using the accompanying Novo 
Nordisk insulin delivery system. 

NovoRapid Penfill is for use by one person only. The cartridge must 
not be refilled. NovoRapid Penfill cartridges are designed to be used 
with Novo Nordisk insulin delivery systems and NovoFine needles. 
3 mL NovoLet. The carton contains a Consumer Medicine Informa- 
tion package leaflet with instructions for use and handling. No- 
voRapid NovoLet is for use by one person only. The cartridge inside 
the prefilled syringe must not be refilled. NovoFine needles are 
designed to be used with NovoRapid NovoLet. 
3 mL FlexPen. The carton contains a Consumer Medicine Informa- 
tion package leaflet with instructions for use and handling. No- 
voRapid FlexPen is for use by one person only. The cartridge inside 
the prefilled syringe must not be refilled. NovoFine S short^cap 
needles are designed to be used with NovoRapid RexPen. 
Overdosage Insulins have no specific overdose definitions. How- 
ever, hypoglycaemia may develop over sequential stages. Mild 
hypoglycaemic episodes can be treated by oral administration of 
glucose or sugary products. It is therefore recommended that the 
person with diabetes always carry some sugary food or drink with 
them, e.g. a few biscuits. 

Severe hypoglycaemic episodes, where the patient has become 
unconscious, can be treated by glucagon (0.5 to 1 mg) given intra- 
muscularly or subcutaneously by a trained person or glucose given 
intravenously by a medical professional. Glucose must also be given 
intravenously if the patient does not respond to glucagon within 10 
to 1 5 minutes, 

Upon regaining consciousness, oral administration of carbohydrate 
is recommended for the patient in order to prevent relapse. 
Presentation NovoRapid vial Solution for injection, 100.U/mL 
(sterile, clear, colourless, aqueous, neutral solution; vial closed with 
latex free rubber disc), 1 0 mL: 1 's. 

NovoRapid Penfill. Solution for injection, 100 U/mL (sterile, clear, 
colourless, aqueous, neutral solution), 3 mL: 5's (glass.. cartridges 
containing rubber piston, closed with latex free rubber disc). 
NovoRapid NovoLet. Solution for injection, 100 U/mL (sterile, 
clear, colourless, aqueous, neutral solution): 3 mL: 5's (prefilled 
disposable multidose syringes comprising plastic pen injector with 
glass cartridge containing rubber piston, closed with latex free 
rubber disc)'. ' 

NovoRapid FlexPen. Solution for injection, 100 U/mL (sterile, 
clear, colourless, aqueous, neutral solution): 3 mL: 5's (prefilled 
disposable multidose syringes comprising plastic pen injector with 
glass cartridge containing rubber piston, closed with latex free 
rubber disc). 

Storage NovoRapid should be stored between 2 and 8°C. Do not 
freeze. The shelf-life Is 2 years when stored between 2 and 8°C. 
The in-use time is four weeks. 

NovoRapid products in use or carried as spares can be kept at 
ambient temperature (below 30"C) for up to four weeks, but any 
remainder must then be discarded. They should not be exposed to 
excessive heat or sunlight. 
Poisons Schedule S4. 

TGA approval/last amendment: 21/06/2002 
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evised^htry this Edition 

ustralia Pty Ltd 
Composition Active. Pioglitazone hydrochloride. 
Inactive. Lactose, hydroxypropylcellulose, carmellose calcium and 
magnesiurn"stea M rate. 

Description Chemical name: ((±)-5-(l4-[2- (5-ethyl-2-pyridinyl) 
ethoxy]phenyl)methyt] -2,4-] thiazolidinedione hydrochloride. Mo- 
lecular formula: C9H20N2O3S.HCI. MW: 392.90. CAS: .1 12529-15-4 
(pioglitazone HCI); 111025-46-8 (pioglitazone free base). 
Pioglitazone hydrochloride is an odourless, white crystalline powder 
that is soluble in N.N-dirnethylformamide, slightly soluble in an- 
hydrous ethanol, very slightly soluble in acetone and acetonitrile, 
practically insoluble in water and insoluble in ether. 
Actions Pharmacology. Actos is an oral antidiabetic agent that 
acts primarily by decreasing insulin resistance. Pharmacological 
studies indicate that Actos improves sensitivity to insulin in muscle 
and adipose tissue and inhibits hepatic gluconeogeriesis. Actos 
improves glycaemic control white reducing circulating insulin levels. 
Fasting and postprandial glycaemic control are improved in patients 
with type 2 diabetes me I lit us. The decreased insulin resistance 
produced by Actos results in lower blood glucose concentrations, 
lower plasma insulin levels and lower HbA nc values. 
Mode of action. Actos is a thiazolidinedione antidiabetic agent that 
depends on. the presence of insulin for its unique mechanism of 
action. Actos decreases insulin resistance in the periphery and in the 
liver resulting in increased insulin dependent glucose disposal and 
decreased hepatic glucose output. Unlike sulfonylureas, pioglitazone 
is not an insulin secretagogue. Pioglitazone is a potent and highly 
selective agonist for peroxisome proliferator activated receptor 
gamma (PPAR-y). PPAR receptors are found in tissues important for 
insulin action such as adipose tissue, skeletal muscle and liver. 
Activation of PPARy nuclear receptors modulates the transcription of 
a number of insulin responsive genes involved in the control of 
glucose and lipid metabolism. 

In animal models of diabetes, pioglitazone reduces the hyperglyc- 
emia, hyperinsulinaemia and hypertrigtyceridaemia characteristic 
of insulin resistant states such as type 2 diabetes. The metabolic 
changes produced by pioglitazone result in increased responsive- 
ness of insulin dependent tissues and are observed in numerous 
animal models of insulin resistance. 

Since pioglitazone enhances the effects of circulating insulin (by 
decreasing insulin resistance), it does not lower blood glucose in 
animal models that lack endogenous insulin. 
Clinical trials. Clinical studies demonstrate that Actos improves 
insulin sensitivity in insulin resistant patients. Actos enhances cellular 
responsiveness to insulin, increases insulin dependent glucose dis- 
posal, improves hepatic sensitivity to glucose and thus improves 
dysfunctional glucose homeostasis. 

Monotherapy. Three randomised, double blind, placebo controlled 
trials of 16 to 26 weeks were conducted to study the use of Actos as 
monotherapy in patients with type 2 diabetes. These studies exam- 
ined Actos doses from 7.5 to 45 mg/day in 865 patients. 
In a 26 week dose ranging study, 408 patients with type 2 diabetes 
were randomised to receive Actos 7.5, 15, 30 or 45 mg, or placebo. 
Compared with placebo, treatment with Actos 15 to 45 mg resulted 
in significant improvements in HbAu and fasting blood glucose (FBG) 
(see Figure 1). 




| " Placebo — 15 mp — 30 mg — 45 mg 




-15 mg 



-30 mo 



-45 mg 



The study population included patients not previously treated with 
antidiabetic medication (naive 31 %) and patients who were receiving 
antidiabetic medication at the time of study enrolment (previously 



treated 69%). The data for the naive and previously tre^tfei 
subsets are shown in Table 1 . This run-in period was^assq'" 
little change in HbAi c and FBG values from screening ttfS_ 
the naive patients. However, for the previously treated grtS 
out from previous antidiabetic medication resulted irfdeBHf 
glycaemic control and increases in HbAic and FBG. Witft'A 
most patients in the previously treated group had : afrdeT 
baseline in HbAu and FBG, in many cases the valuesttald nottt 
to screening levels by the end of the study. The stu^de^rfffe^ 
permit the evaluation of patients who switched directryrtr^Ajfl^ti 
another antidiabetic agent. ~~' a ' ; '" ™ 

Actos Tabla 1 

Glycaemic parameters in a 26 week placebo controlled dose ranging slttf$tf^j$i 

- . — mjuf" 



Naive to therapy 
HbAic (%) 

Screening (mean) 

Baseline (mean) 

Change from baseline (adjusted mean') 
Difference from placebo (adjusted mean') 
FBG (mmotfl.) 
Screening (mean) 
Baseline (mean) 

Change from baseline (adjusted mean*) 
Difference from placebo (adjusted mearQ 



Previously treated 
HbAic (%) 

Screening (mean) 

Baseline (mean) 

Change from baseline (adjusted mean') 
Difference from placebo (adjusted mean*) 
FBG (mmol/LV 
Screening (mean) ' 
Baseline (mean) 

Change from baseline (adjusted mean*) 



k Adjusted tor baseline, pooled centre 



Pioglitazone has been shown to reduce total plasma M 
free fatty acids and to increase HDL cholesterol. leveJsyjj 
terol levels remain unchanged. In a 26 week, plaeebsl'fci 
dose ranging study, mean triglyceride levels decrease/' **" 
1 5, 30 and 45 mg dose groups compared to a meaniij 
placebo group. Mean HDL levels increased to a great£ 
Actos treated patients than in the placebo treated/p 
were no consistent differences for LDL and total c 
treated patients compared with placebo (see Table 2jg 

Actus Table 2 

Lipids in a 26 week placebo controlled dose ranging study 







Actos - 

15 mgr.* 






Placebo 


once... 
dairy 1 -' 




Triglycerides (mmol/L) 


n = 79 


«.m 




Baseline (mean) 


2.97 


3-20" ' 1 




Percent change from baseline (mean) 


4.8% 


-9:t>%* 




HDL cholesterol (mmol/L) 


n = 79 


rt-79ii 




Baseline (mean) 

Percent change from baseline (mean) 


1.08 . 
8.1% 






LDL cholesterol (mmolA) 


n = 65 


n*63t 




Baseline (mean) 

Percent change from baseline (mean) 


3.59 
4.8% 


3.4i;., ; 

n=79 1 » 




Total cholesterol (mmot/L) 


n«79 




Baseline (mean) 

Percent change from baseline (mean) 


5.81 
4.4% 


5.68*1 
4.6*H 





In a separate 24 week study, 260 patients with f fr 
randomised to one of two forced titration Actos tr^L, 
doses 30 or 45 mg), or a mock titration placebo af 
treatment group, patients received an initial dosa'dfJg 
daily. After four weeks, the dose was increased to '1 
and after another four weeks, the dose was increased^, 
daily for the remainder of the study (16 weeks). IrtliH&RR 
treatment group, patients received an initial dose 6!f 1iT 
and were titrated to 30 mg once daily and 45 mg once c 
manner. Treatment with Actos, as described, producj 
significant improvements in HbAu and FBG at endp 
with placebo (see Table 3). 

Actos Table 3 

Glycaemic parameters in a 24 week placebo controlled forced titration sj 



Total population 
HbAic (%) 
Baseline (mean) 

ChangB from baseline (adjusted mean**) 
Difference from placebo (adjusted mean") 
FBG (mmol/L) 
Baseline (mean) 

Change from baseline (adjusted mean**) 
'— placebo (adjusted mean") 



10.8'" 
0.9 1\ 

n.78 '\ 
15.50 ' 
1.00 "J 



• Final dose in forced titration 
" Adjusted for baseline, pooled centre, and pooled centre by tie 

* p < 0.05 versus placebo 



..;:•«) a 



For patients who had not been previously treated v 
medication (24%), mean values at screening were^'Jpt| 
and 1 3.22 mmol/L for FBG. At baseline, mean HbA'u^ 
mean FBG was 13.5 mmol/L. Compared with placebo*, t 
Actos titrated to a final dose of 30 and 45 mg resulted^ 
from baseline in mean HbAie of 2.3 and 2.6% and tffe&i 
and 5.28 mmol/L, respectively. For patients who had b 
treated with antidiabetic medication (76%), this^rnei 
discontinued at screening. Mean values at screening^ 
HbAu and 12 mmol/L for FBG. At baseline, mean HbAffi 
and mean FBG was 16.11 mmol/L. Compared wtfr-pl&»? 
ment with Actos titrated to a final dose of 30.and:45'rrtfl w 
reductions from baseline in mean HbAic of 1.3'and * 5 *S^ rt 
FBG of 3.06 and 3.33 mmol/L, respectively. FW " m ^S§!fa 
treated patients, HbAi c and FBG had not retumedlo scr^Sto 
by the end of the study. 
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Actos Tab,B 6 

12 week cumulative incidence of adverse events at > 2% ot Actos treated patients 



Adverse event 



Upper respiratory tract Infection 

Headache 

Sinusitis 

Myalgia 

Oedema 

Back pain 

Urinary tract Infection 
Pharynoitis .• 
Tooth disorder 
fatigue 

Accidental injury 
Cramps (legs) 



Placebo (n*431) 



7.2 . 

6.5 

2.9 

2.3 

0.6 

2.3 

1.6 

0.3 

1.5 

2.4 

1.5 

1.1 

1.4 



PloO»tazone(niB62) 



8.7 
7.0 
3.6 
3.2 
3.2 
3.1 
2.7 
2.7 
2.6 
2.5 
2.2 
2.1 
2.1 



80 mg/day for seven days. The patient did not report any clinical 
symptoms. 

Hypogrycaemia would not be expected with Actos alone but may 
occur in combination with sulfonylureas or insulin. Symptomatic and 
general supportive measures should be taken in case ot overdose. 
Presentation Tablets. 15 mg, 30 mg, 45 mg: 7's (sample pack). 
28's. 

See Product Identification Guide. Actos 15 mg tablet (grid 16. 742); 
Actos 30 mg tablet (grid 17, 758); Actos 45 mg tablet (grid 18, 765). 
Poisons Schedule S4. 
TGA approval/last amendment: 27/05/2002 . 



Although pioglitazone does not change the safety profile of sulfonyl- 
ureas and insulin, the combination may increase the risk of develop- 
ing hypoglycaemic symptoms. In combination therapy studies, oede- 
ma was reported for 7.2% of patients treated with Actos and sulfonyl- 
ureas compared to 2.1% of . patients on sulfonylureas alone. In 
combination therapy studies with metformin, oedema was reported 
in 6.0% of patients on combination therapy compared to 2.5%. of 
patients on metfqrmin alone. In combination therapy studies with 
insulin, oedema was. reported in 15.3% of patients on combination 
therapy compared to 7.0% of patients on insulin alone (see Precau- 
tions, Oedema). Most of these events were considered mild or 
moderate in intensity.^; ■ . ■ t ^ ul>A 

In all clinical trials, weight Increased proportionately as the HbAic 
decreased, suggesting that weightgairi was associated with im- 
proved glycaemic control. Occasional transient Increases in creat- 
inine phosphokinase were noticed'in patients taking pioglitazone: 
Cardiovascular System: In clinical studies, the incidence of serious 
cardiac adverse events has not been shown to be increased in 
patients treated with pioglitazone either when used as monotherapy 
or in combination with metformin or sulfonylurea. In Insulin combina- 
tion studies a small number of patients with previously existing 
cardiac disease developed congestive heart failure when treated with 
pioglitazone. 

Laboratory test abnormalities. Haematological. Actos may. cause 
decreases in haemoglobin and haematocrit Across all clinical stud- 
ies, mean haemoglobin values declined by 2 to 4% in patients treated 
with Actos. These changes generally occurred within the first 4 to 12 
weeks of therapy and remained relatively stable thereafter. These 
changes may be related to increased plasma volume associated with 
Actos therapy and have not been associated, with any significant 
haematological clinical effects. 

Semm transaminase levels. During placebo controlled clinical tnals 
in the US, a total of 4 of 1 .526 (0.26%) patients treated with Actos 
and 2 of 793 (0.25%) placebo treated patients had ALT values 2. three 
times the upper limit of normal. During all clinical studies in the US, 
11 of 2,561 (0.43%) patients treated with Actos had ALT values 2i 
three times the upper limit of normal. All patients with follow-up values 
had reversible elevations In ALT. In the population of patients treated 
with Actos, mean values for bilirubin. AST, ALT, alkaline phos- 
phatase and GGT were decreased at the final visit compared with 
baseline. Fewer than 0.12% of patients treated with Actos were 
withdrawn from clinical trials in the US due to abnormal liver function 
tests. In preapproval clinical trials, there were no cases of idiosyn- 
cratic drug reactions leading to hepatic failure (see Precautions. Use 
In hepatic impairment). ■ ' - ' 

CPK levels. During requiredjaboratory testing in clinical tnals, spo- 
radic, transient elevations in creatine phosphokinase levels (CPK) 
were observed. A single. Isolated elevation to greater than ten times 
the upper limit of normal (values of 2,1 50 to 8,61 0) was noted in seven 
patients. Rve of these patients continued to receive Actos and the 
other two patients had completed receiving study medication at the 
time of the elevated value. These elevations resolved without any 
apparent clinical sequelae. The relationship of these events to Actos 
therapy is unknown. 

Adverse events Identified from spontaneous postmarketing 
surveillance. Cardiovascular system. Cardiac failure (very rare). In 
postmarketing experience with pioglitazone, congestive heart failure 
has been reported iri patients both with and without pre-existing 
cardiac disease. . *' "'. 

Digestive system. Hepatocellular dysfunction. In postmarketing ex- 
perience with pioglitazone, reports of hepatitis and hepatic enzyme 
elevations to three or more times' the upper limit of normal have been 
received. Very rarely, these have involved hepatic failure with and 
without fatal outcome, although causality has not been established. 
Dosage and Administration Actos should be taken once daily 
with or without food;- •> • • 

Monotherapy. The recommended dosage of Actos is 15 or 30 mg 
once daily, increasing after four weeks, if greater therapeutic effect 
is needed, to 45 mg once daily. . • - - 
Combination therapy. The recommended dose of Actos is 30 mg 
once daily in combination with sulfonylureas, insulin or metformin. It 
may be possible to achieve metabolic control at a reduced dose of 
the sulfonylurea, insulin or metformin. If there is a particular risk of 
hypoglycaemia, pioglitazone can be introduced at a dose of 15 mg. 
For patients already on insulin, pioglitazone should be introduced at a 
dose of 15 mg once daily. Dosage can then be increased cautiously. 
Maximum recommended dose. The dose should not exceed 45 
mg/day since doses higherjhan45 mg/day have not been studied in 
clinical trials. . . 

Patients with renal insufficiency. Dose adjustment in patients with 
renal Insufficiency is not recommended (see Actions, Pharmaco- 
kinetics). No information Is available for patients on dialysis therefore 
Actos should not be used in such patients. 
Patients wHh hepatic impairment. The intrinsic clearance of piogli- 
tazone may be reduced in patients with hepatic disease. Dosage 
should start at 15 mg and be increased cautiously. Actos therapy 
should not be initiated In patients with increased baseline liver 
enzyme levels (ALT > 2.5 times the upper limit of normal). 
Overdosage During clinical trials, one case of overdose with 
Actos was reported. A patient took 120 mg/day for four days, then 



,iventis Pharrria Pty Limited 
Composition Active. Glimepiride. 

Inactive. , Lac tose, sodium starch glycollate, povidone, microcrys- 
talline cellulose and magnesium stearate. Additionally, each strength 
contains the following identifying pigments. 1 mg tablet: iron oxide 
red; 2 mg tablet: iron oxide yellow and indigo carrnine lake; 3 mg 
tablet: iron oxide yellow; .4 mg tablet: indigo carmine lake. 
Description Glimepiride is a member of the sulfonylurea group of 
oral antidiabetic agents. Chemical name: trans-1-{4-[2- (3-ethyl-4- 
methyl- gr'oxo^pyrrotine- 1 carboxamido) ethyl]- phenylsulfonyl}-3- 
(4-methylcyclohexyl) urea. Molecular formula: C24H34N4O5S. MW: 
491. CAS: 93479-97; 1. . 
Glimepiride is a white odourless, crystalline powder, practically insol- 
uble in methanol iand water, slightly soluble in ethanol and sparingly 
soluble in methylene chloride. 
Actions Sulfonylurea antidiabetic agent. 

Pharmacology. Glimepiride is a sulfonylurea antidiabetic agent 
which decreases blood glucose concentrations. The primary mecha- 
nism of action of glimepiride appears to be dependent on stimulating 
the release of insutiri from functioning pancreatic B cells. Glimepiride 
acts in concert with glucose by improving the sensitivity of B cells to 
physiological glucose stimulus, resulting in insulin secretion in the 
rhythm of meals. In addition, extrapancreatic effects (e.g. reduction 
of basal hepatic glucose production and increased peripheral tissue 
sensitivity to insulin and glucose uptake) may also play a limited role 
in the activity of glimepiride. 

In nonfasting diabetic patients, the hypoglycaemic action of a single 
dose of glimepiride persists for 24 hours. 

Evidence from in vitro and animal studies suggests that there is lower 
glucagon secretion with glimepiride than glibendamide and this may 
give rise to a prolonged reduction of blood glucose levels without 
increased plasma insulin levels. The clinical significance of these 
findings is yet to be clarified. A long-term, randomised, placebo 
controlled clinical trial demonstrated that Amaryl therapy improves 
postprandial insulin/ Opeptide responses and overall glycaemic 
control without producing clinically meaningful increases in tasting 
insulin/ C-peptide levels: ' ■ 

The efficacy of Amaryl is not affected by age, gender or weight. 
Amaryl therapy is effective in controlling blood glucose without 
deleterious changes in the plasma lipoprotein profile of patients. The 
physiological response to acute exercise (i.e. reduction of insulin 
secretion) Is still present during glimepiride therapy. 
Clinical trials. A placebo controlled study using fixed daily doses of 
4, 4 and 8 mg glimepiride found that all three doses were effective at 
reducing blood glucose levels. However, there was no significant 
difference in.the reduction in fasting plasma glucose (FPG) between 
the 4 and 8 mg doses at any timepoint throughout the study. . 
In another placebo controlled dose ranging study of glimepiride. (1, 
2, 3, ,4, 6 and 8 mg/day), the majority of patients were controlled in 
the dose range of 1 to 4 mg daily. There was only a very small 
difference in the reduction in median FPG levels between the 4 and 
8 mg doses (-3.08 mmolA. versus -3.16 mmol/L). The greatest 
change of -3.27 mmoW. was seen with the 2 mg dose. This supports 
the results of the aforementioned clinical study. 
Two large multicentre studies involving approximately 1 ,900 patients 
were conducted to examine the dose-response effect of glimepiride 
on blood glucose and HbAic levels. In both these studies, a large 
proportion of patients achieved an FPG level below 8.32 mmol/L at 
the 1 mg/day dose, with a further 10% of patients achieving this level 
at the 2 mg/day dose. Some patients benefited by an increase In dose 
to 4 mg/day, but only a few patients, mainly those with very high 
baseline FPG levels, required higher doses. Based on the results of 
these studies, the World Health Organization (WHO) has set the 
defined daily dose (DDD) of glimepiride to be 2 mg. . .. .. 

An additional 161 patient, randomised, double blind crossover study, 
including four weeks active treatment each with 3 mg bd (twice daily) 
or 6 mg daily of glimepiride, indicated that some patients may have 
improved results when glimepiride is given twice daily. However, for 
the majority of patients, once daily dosing provided adequate control. 
II is important to note that the treatment period in this study was only 
four weeks and, as such, the long-term safety benefit of twice daily 
dosing has not been established. 

Pharmacokinetics. The pharmacokinetics of glimepiride are similar 
in males and females and also in young and elderly (> 65 years) 
patients. Intraindividual variability is low. 

Absorption. Glimepiride is completely absorbed after oral adminis- 
tration. The peak serum concentration (Cmax) is reached in about 
2.5 hours. There is a linear relationship between dose and both Cmax 
and AUC (area under the plasma concentration-time curve). Food 
does not significantly affect the rate or extent of absorption of 
glimepiride. 

Distribution. After intravenous dosing in normal subjects, the volume 
of distribution was 8.8 L (113 mL/kg) and the total body clearance 
was 48 mL/minute. Protein binding was greater than 99%. 
Glimepiride is likely to be only minimally removed by haemodialysis 
due to its high protein binding. 

Multiple dose studies with glimepiride in diabetic patients demon- 
strated plasma concentration-time curves similar to single dose 
studies, indicating that there is no accumulation of drug In tissue 



Metabolism. The elimination half-life of glimepiride: at*si|dcrj~ 
about five to eight hours after oral administration: How^j 
of a pharmacokinetic study on noninsulin dependemtttg^ 
tus (NIDDM) patients indicated that higher doses rrta^oi^* 
with a longer half-life. 

Glimepiride is completely metabolised by oxidatrv&bfdtf: 
tion. The major metabolites are the cyclohexyl hydf|ftf 
rivative (M1) and the carboxyl derivative (M2). In vtfro'suwUi* 
that cytochrome P450 2C9 is the principal enzyme^ 
biotransformation of glimepiride to M1. M1 has beerYloj 
about 40% of the pharmacological activity of gl»me£i^ 
nated via the urine and also by further metabolism^ 
several cytosolic enzymes. M1 has a terminal elimincR 1 
three to six hours after an oral dose. The formation 0^ 
to a dose of glimepiride 16 mg.The kinetics of MZhav* 
elucidated due to low plasma levels. Its terminal e : 
after an oral dose is about five to six hours. 
Following an oral dose of glimepiride, 35% of the/d 
faeces and 58% in urine. :7!.^j3} 
Renal insufficiency. In patients with renal imp&imjr 
tendency for glimepiride clearance to .increase J 
serum concentrations to decrease, most probaBlyy 
more rapid elimination because of lower prdte^- 
elimination of the two metabolites was impairt 
appears to be no increased risk of accumulaMflji 
these patients. •" 
A multiple dose titration study in patients with; i 
impairment showed that approximately 44% had^ 
their glucose levels with a dosage, regimen of t 
results from this study suggest, that a staring " 
may be given to an NIDDM patient with rena) Hfe* 
may be titrated based, on fasting blood r l — 
and Administration), . ' , . 

Hepatic failure, the effects of . hepatic failure, f 
glimepiride have hot been systematically exafni. 
Indications Adjunct to diet, exercise arid wekjh 
blood glucose in patients with noninsulin depend^ 
(type II diabetes). 'itfr'rU, 
Contraindications Hypersensitivity. tp.:..glimflSfl 
onylur.eas, other sulfonamides or any exdpienjfrfijjMK 
Severe impairment of renal function. i.W iffe 
Dialysis patients. *■ • /tvr.ilif 

Severe hepatic dysfunction. 
Pregnancy (see Precautions, Use In pregnancy* 1 
Lactation (see Precautions, Use in lactation), >)%) „ 
Amaryl is not suitable for the treatment of. insulin, ' 
diabetes mellitus (e.g. for the treatment of patiejpfc> 
ketoacidosis), nor for the treatment of diabetic- 
the treatment of diabetic precoma or coma. • *j»$b 
Precautions Patients receiving glimepirida , a 
with regular clinical and laboratory evaluations* 
urine glucose determinations, to determine tt^tt 
dosage and to detect primary failure Cinadequat^l 
glucose concentration at the maximum reed"-" 
secondary failure (loss of control of blood 1 
fotlowing an initial period of effectiveness) tot 
haemoglobin measurements may also be y M 
patient's response to glimepiride therapy. 
Some improvement in glucose tolerance may t 
weeks of treatment with glimepiride. The cfM- 
checked within the first four to eight week^'i-,-. 
thereafter to ascertain whether it is possible; to it 
The treatment of diabetes requires regular^ 
reactions may be impaired due to hypbgiycaeii' 
especially when beginning or after altering trea^ 
is not taken regularly. This may, for example;^** 
or to operate machinery. ) ' „ 

In cases of unusual stress (e.g. emergeneVdf fite 
infection), a temporary change to insulin 
maintain good metabolic control. '^Sf 
Amaryl tablets must not be used beyond the •«* 
the pack and must be stored out of the reac*! 
Hypoglycaemic reactions. Hypoglycafirhl^ - 
treatment with any sulfonylurea, particular^ e 
treatment or when dosage Is increased:, 
Debilitated patients, malnourished patjents afl 
pituitary; renal or hepatic Ihsufficieh'cy'are pai 
the hypoglycaemic action of sulfonylureas « 
carefully monitored. The dosage of gtimepfaj^ 
adjusted in these patients. .. --qzcA^ 

Hepatic insufficiency may cause increased^ 
glimepiride and may diminish gluconeogenic^ 
increase the risk of severe hypoglycaemic, re^ 
Alcohol ingestion, severe or prolonged ex^jj 
intake or use of more than one antidiabetic, aj 
patients to the development of hypoglycaemjaf 
Hypogrycaemia may be difficult to recognis/M* 
people who are taking B-adrenergic bloqkjri^ 
patholytic agents . ■ • - . t. I n, 

Patients and responsible family members.shoiJ 
the signs and symptoms of hyperglycemia ($eyg 
frequent micturition, dry skin) and hypogly.QP firn ' 
sweating, tremor, restlessness, irritability fc.w.^ 
disturbed sleep or transient neurological disoflHgl 
action to be taken if either event should oW^** 
The potential for primary and secondary -<fa)UT~ 
explained. " :; 

Hypoglycaemia can almost always be P^mpi 
intake of carbohydrates (glucose or sugar);," iKK^ 
sulfonylureas that, despite initial successful coume-^ 
glycaemia may recur. Patients must therefore^* 1 
observation. Severe hypoQlvcaemia requires'imr 
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jS-up by a doctor and, in some circumstances, in-patient 
3)08/0.' 

ipgertesls, mutagenesis, Impairment of fertility. A stand- 
ririOf' laboratory tests did not reveal any genotoxic or muta- 
i] for- glimepi ride. In a two year carcinogenicity study in 
3 glimepiride In the diet up to 81 3 mg/kg/day, there was 
i;in the incidence of pancreatic islet cell hyperplasia and 
J^tJenomas; these are regarded to be the result of chronic 
irfithe pancreatic p cells. In a 30 month carcinogenicity 
p receiving glimepiride in the diet up to 345 mg/kg/day, 
^increased incidence of pancreatic islet cell adenomas, 
;'were considered Incidental as there was no dose 
"rVeither sex. There were no malignant tumours in rats 

ahcy. (Category C) It is important to achieve strict 
riia» during pregnancy. Oral hypoglycaemic agents 
jfb&^teoed by insulin. The sulfonylureas may enter the fetal 
"ft^rlb^cause neonatal nypoglycaemia. In rats, dietary 
ft*St;filgh doses (approximately 82 mg/kg) during gestation 
#^&forfTiatlons. In rabbits, effects on pregnancy were 
Hty increased incidences of abortions/ total resorptions 
latibnsl Similar fetal wastage was not seen in rats al- 
ftbing 4 of anophthalmia in a proportion of fetuses may be 
treatment related effect as eye malformations were 
Sbfetfstiidy. Adverse pregnancy outcomes in the rat and 
yfbtfably due to the pharmacodynamic effects of 
Sf^&xc&sslve doses and are riot substance specific, 
'ad no recognisable effects on the rearing, physical 
^Actional and learning behaviour, memory or fertility 

Studies in rats showed that glimepiride Is excreted 
H' doses caused nypoglycaemia in suckling young rats. 
Miration of glimepiride (120 to 206 mg/kg) during 
"j limb deformations in adolescent pups from day 4 of 
s; To prevent possible ingestion of glimepiride with 
breastfeeding mothers must either be changed over 
ile breastfeeding. 

en.'The safety and efficacy of glimepiride in children 
•Ss'tablished. Glimepiride is not recommended for use 

|ased on experience with glimepiride and known 
er sulfonylureas, the following interactions must 

ilirfand other oral antidiabetic agents, drugs which 
i' hypoglycaemic action of glimepiride include ACE 
11 ' lie acid, anabolic steroids, chloramphenicol, 



urharjn derivatives, fenfluramine, monoamine oxidase 
fi©!^ ^miconazole, oxperitifylline, oxyphenbutazone, 
^^Rrobenecid, salicylates, sulfinpyrazone, sulfon- 

y anehuate the hypoglycaemic action of Amaryl 
im1,Be, barbiturates, calcium channel blockers, cor- 
i, diuretics, glucagon, isoniazid, laxatives (pro- 
: acid (high doses), oestrogens, pherKJthiazines, 
sympathomimetic agents, thyroid hormones, 
gonists, f>blockers, donidine and reserpine may 
illation or weakening of the.blood glucose lowering 

ga^erit'with a p-receptor blocker, donidine, guan- 
^irje may mask the warning symptoms of a hypo- 

^alcbhol intake may either potentiate or attenuate 
Hn an unpredictable fashion. '* ^ 
Jffiarjn derivatives' may be potentiated or weakened, 
pdicaie that glimepiride is metabolised via the en- 
^ erefore, interactions with drugs which are meta- 
: '] this enzyme are theoretically possible, e.g. 
jyod/ajpne, diclofenac, ibuprofen and naproxen, 
actons Amaryl is generally, well tolerated. Clinical 
jj^t^yim, that adverse reactions serious enough to 
^--ition pf therapy are uncommon, even during long- 

^Hypoglycaemia is the greatest potential risk with all 
sjble symptoms include headache, ravenous hun- 
,..jniBpg'. .lassitude, sleepiness, disordered sleep, rest- 
V^g%^iyeness, impaired concentration, impaired alert- 
d^qttons, depression, confusion, speech disorders, apha- 
'"* Igo/fters,.. tremor, pareses, sensory disturbances, 
rjess, loss of self-control, delirium, cerebral con- 
pjence and loss of consciousness up to and including 
ipiratipn and bradycardia. 
Jtf^)§;10f.adrenergic counter-regulation may : be present, 
5©*^ing,, clammy skin, anxiety, tachycardia, hypertension, 
Jin&^jgjRa pectoris and cardiac arrhythmias. 
rlpjgjlMiGf a severe hypoglycaemic attack may resemble 

^nearly always subside when nypoglycaemia is 

pecially at the start of treatment, there. may be 
... ^^airment (e.g. changes in accommodation and/or 
jJJJ^^fee.to the change in blood glucose levels. The cause 
^|3!yaAeratjon in the turgidity and hence the refractive index 
•^teteeing dependent on blood glucose level. 

j$l&eactions. Occasionally (0.1 to 1% of patients), 
#t*al symptoms such as nausea, vomiting, sensations of 
■Ad^ffijj^ss in the epigastrium, abdominal pain and diarrhoea 

~ lf,wactions. Anaemia, leucopenia, thrombocytopenia, 
IfJte.-purpura, agranulocytosis, pancytopenia due to 
UeMh" eos inophilia, haemolylic anaemia.'aplasticanae- 

,l5WJPcytopenia and granulocytopenia have been reported with 




Dermatoiogical reactions. Allergic or pseudo-allergic skin reactions 
(e.g. pruritus, erythema, urticaria, erythematous and maculopapular 
and bullous skin eruptions or psoriasiform drug eruption) may occur 
in patients treated with sulfonylureas. If skin reactions persist, the 
drug should be discontinued. Mild reactions in the form of urticaria 
may develop into serious and even life-threatening reactions with 
dyspnoea and hypotension, sometimes progressing to shock. In the 
event of urticaria, the doctor must be notified immediately. Porphyria 
cutanea tarda and pellagra like changes and photosensitivity reac- 
tions have been reported with sulfonylureas. It should be noted that 
cross reactivity exists between sulfonylureas and sulfonamides. 
Hepatic reactions. In isolated cases, increased liver enzymes (AST, 
ALT), abnormal liver function, cholestasis, cholestatic hepatitis, 
granulomatous hepatitis, bilirubinaemia and liver failure have been 
reported with sulfonylureas. 

Electrolyte disturbance. In isolated cases, hyponatraemia has been 
reported in patients receiving glimepiride and other sulfonylureas, 
most often in patients who are on other medications or have medical 
conditions known to cause hyponatraemia or to increase release of 
antidiuretic hormone. 

Other. Isolated cases of allergic vasculitis have been reported with 
sulfonylureas. 

Dosage and Administration In the management of type II 
diabetes mellitus, administration of an oral antidiabetic agent is not 
a substitute for appropriate dietary control. 
In initiating treatment for noninsulin dependent diabetes mellitus 
(NIDDM), diet should be emphasised as the primary form of treat- 
ment. Caloric restriction and weight loss are essential In the obese 
diabetic patient. Proper dietary management alone may be effective 
in controlling the blood glucose and symptoms of hypergrycaemia. 
The Importance of regular physical activity should also be stressed, 
and cardiovascular risk factors should be identified and corrective 
measures taken where possible. 

If this treatment program fails to reduce symptoms and/or blood 
glucose, the use of an oral sulfonylurea should be considered. Use 
of Amaryl must be viewed by both the doctor and patient as a 
treatment in addition to diet, and not as a substitute for diet or as a 
convenient mechanism for avoiding dietary restraint. Furthermore, 
loss of blood glucose control on diet alone may be transient, thus 
requiring only short-term administration of Amaryl. During mainte- 
nance programs. Amaryl should be discontinued and insulin therapy 
initiated if satisfactory lowering of blood glucose is no longer 
achieved. Judgments should be based on regular clinical and labo- 
ratory evaluations. 

The dosage of Amaryl must be the lowest which is sufficient to 
achieve the desired metabolic control. Dosage must be based on 
regular blood and urine glucose determinations, and must be careful " 
individualised to obtain optimum therapeutic effect Periodic measuf 
merit of glycosylated haemoglobin is also recommended to monitor 
patient's response to treatment If appropriate glimepiride dosage regi- 
mens are not followed, nypoglycaemia may be precipitated. 
Measures for dealing with errors in dosage such as forgetting to take 
a dose, skipping a meal or inability to take a dose at the prescribed 
time should be discussed with the patient at the time of initiating 
therapy. A missed dose must never be corrected by subsequently 
taking a larger dose. 

Short-term administration of Amaryl may be suffident during periods 
d transient loss of metabolic control in patients usually well controlled 
on diet 

Food does not alter the bioavailability or other pharmacokinetic 
parameters of glimepiride. 

Initial dose and dose titration. The Initial dose of Amaryl is one 1 
mg tablet once daily. The tablet should be swallowed whde with 
adequate liquid (e.g. half a glass of water) immediately before 
breakfast. Patients who eat only a light breakfast should defer the 
first dose of the day until the first main meal of the day (e.g. lunch). 
It is very important that meals are not skipped after the tablet has 
been taken. 

If good metabolic control is achieved within the first week of treatment 
(as determined by blood and urine glucose), continue the daily dose 
of one 1 mg tablet as maintenance therapy. 
If metabolic control Is unsatisfadory after one to two weeks of 
treatment, increase the daily dose in increments of 1 mg at one to 
two week intervals, until satisfadory metabolic control is achieved. 
Most patients will achieve optimum control at doses of 1 to 4 mg once 
daily. Only in exceptional cases will doses of more than glimepiride 
4 mg/day give better results. Normally, a. single daily dose will 
maintain good blood glucose control for 24 hours. 
Secondary dosage adjustment. Amaryl requirements may fall as 
treatment proceeds because an improvement, in diabetes control 
results in greater insulin sensitivity.. To avoid hypoglycaemia, timely 
dose reduction or cessation of therapy should be considered. 
Correction of Amaryl dosage must also be considered whenever the 
patient* s weight or lifestyle changes or other f adors arise which affed 
gfycaemic control. 

Secondary failures should be treated by discontinuing Amaryl and 
starting insulin. 

Changeover from other antidiabetic agents to Amaryl. There is 
no exact dosage relationship between Amaryl and other oral antidia- 
betic agents. -When transferring patients from another oral antidia- 
betic drug to Amaryl, it is recommended to begin with the usuat 
starting dose of 1 mg once daily. This recommendation applies even 
in cases where the patient is being switched from the maximum dose 
of another antidiabetic agent. 

Depending on the pharmacokinetic and pharmacodynamic charac- 
teristics of the previous medication, a drug free transition period may 
be necessary in order to avoid overlapping drug effeds possibly 
resulting in hypoglycaemia. 

Henal Impairment. In patients with mild to moderate renal impair- 
ment, a starting dose of 1 mg once daily must not be exceeded. The 
dose may then be carefully. titrated upwards if necessary based on 
tasting blood glucose levels according to the protocd mentioned 
above (i.e. in increments of 1 mg at intervals of one to two weeks). 




No experience has been gained in the use of Amaryl in dialysis 
patients or patients, with severe renal impairment- These patients 
should be changed over to insulin therapy to achieve optimum 
metabolic control. 

Hepatic Impairment No experience has been gained in the use of 
Amaryl in patients with severe hepatic impairment. These patients 
should be changed over to insulin therapy to achieve optimum 
metabolic control. 

Overdosage Symptoms. Accidental or intentional overdose may 
cause severe and prolonged hypoglycaemia which may be life- 
threatening. 

Treatment In case of overdosage with glimepiride, a doctor must be 
notified immediately. At the first signs of hypoglycaemia, the patient 
must immediately take sugar, preferably glucose, unless a dodor 
has already started care. 

Since hypoglycaemia and its clinical symptoms may recur ^after 
apparent clinical recovery (even after several days), dose and 
continued medical supervision and possibly referral to a hospital are 
indicated. In particular, significant overdosage and severe readions, 
e.g. with unconsciousness or other neurological dysfunctions, are 
emergency cases and require immediate care and hospitalisation. 
If hypoglycaemic coma is diagnosed or suspected intravenous infu- 
sion of a glucose 20% solution (adults: 40 to 100 mL) is indicated. 
Alternatively, intravenous, subcutaneous or intramuscular adminis- 
tration of glucagon (adults: 0.5 to 1 mg) may be considered. In infants, 
glucose must be dosed very carefully and close monitoring of blood 
glucose is required to minimise the risk d potentially severe hyper- 
glycemia. Other symptomatic therapy (e.g. anticonvulsants) should 
be administered as necessary. 

After acute glucose replacement has been completed, it is usually 
necessary to give an intravenous glucose infusion in lower concen- 
tration so as to ensure that hypoglycaemia does not recur. The 
patient's blood glucose level should be carefully monitored for at least 
24 hours. 

In cases of acute intake of large amounts of glimepiride, detoxification 
(e.g. by gastric lavage and administration of medtdnal charcoal) is 
indicated. 

Presentation Tablets, 1 mg (pink, oblong, scored, marked NMK 
and Hoechst logo on both sides), 2 mg (green, oblong, scored, 
marked NMM and Hoechst logo on both sides), 3 mg (yellow, oblong, 
scored, marked NMN and Hoechst logo on both sides), 4 mg (blue, 
oblong, scored, marked NMO and Hoechst logo on both sides): ICs 
(sample pack), 30's. 
Poisons Schedule S4. 
TGA approval/last amendment: 20/07/2001 
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Composition Active. Rosiglitazone maleate. 
Inactive. Sodium starch glycol late, hypromellose, microcrystalline 
cellulo se, ladose an d magnesium stearate. The film coat contains 
hypromellose, iadose, macrogol 3000, titanium dioxide, glycerol 
triacetate and the following colouring agents. 2 mg tablet: iron oxide 
red (C177491); 4 mg tablet purified talc, iron oxide yellow (CI77492) 
and iron oxide red (CI77491); 8 mg tablet: iron oxide red (CI77491). 
Description Chemical name: (±)-5-[[4-[2-(methyl- 2-pyridiny- 
lamiho) ethoxyjphenyl] methy1]-2,4-thiazotidjnedione, (Z)-2- 
butenedioate (1:1). MW: 473.52 (357.44 free base). CAS: 0155141- 
29-0. Rosiglitazone maleate is a white to off-white solid with a melting 
range of 122 to 123°C. It is readily soluble in ethanol and a buffered 
aqueous solution with pH of 2.3; solubility decreases with increasing 
pH in the physiological range. 
Actions Oral antidiabetic agent. 

Pharmacology. Avandia is a seledive and potent agonist at the 
PPARy (peroxisomal prbliferator adivated. gamma) nuclear receptor 
and is a member of the thiazolidinedione class of antidiabetic agents. 
Avandia improves giycaemic control by improving insulin {sensitivity 
at key sites of insulin resistance, namely adipose tissue, skeletal 
muscle and liver. Insulin resistance is known to play a major role in 
the pathophysiology of type 2 diabetes. Thus, Avandia improves 
metabolic control by lowering blood glucose, circulating insulin and 
free fatty acids. 

The antihyperglycaemic adivity of Avandia has been demonstrated 
in a number of rodent models of type 2 diabetes. In addition, Avandia 
preserved 8-cell fundion as shown by increased pancreatic islet 
mass and insulin content and prevented the development of overt 
hyperglycemia in rodent models of type 2 diabetes. Avandia has 
also been shown to significantly delay the onset of renal dysfundion 
and systolic hypertension. Avandia did not stimulate pancreatic 
insulin secretion or induce hypoglycaemia in rats and mice. 
Clinical trials. Evidence to support the efficacy of Avandia in the 
treatment of type 2 diabetes was obtained in ten multicentre, double 
blind, placebo controlled studies and in one double blind comparator 
controlled study. These studies, conduded in a total of 3,462 pa- 
tients, investigated the use of Avandia as monotherapy, and in 
combination with sulfonylureas (SUs) and metformin. 
In clinical studies with Avandia given as monotherapy at doses of 4 
to 8 mg/day, the glucose lowering effects are gradual in onset and 
are not associated with hypoglycaemia. Reductions in fasting plasma 
glucose are observed from one week of initiation of therapy, although 
the full therapeutic effect may take six to eight.weeks to occur. While 
improvement in giycaemic control was associated with increases in 
weight, changes were highly variable. In 26 week clinical trials, the 
mean weight gain in patients treated with Avandia was 1 .2 kg (range 
-1 1 .6 to 12.7) (4 mg daily) and 3.5 kg (range -6.8 to 13.9) (8 mg daily) 
when administered as monotherapy, 0.7 kg (range -6.8 to 9.8) (4 mg 
daily) and 2.3 kg (range t5.4 to 13.1 ) (8 mg dally) when administered 
in combination with metformin and 1.8 kg (range -5 to 11.5) (4 mg 
daily) when administered in combination with sulfonylurea. In a 52 
week glibendamide controlled study, there was a mean weight gain 
of 1 .75 kg (range -7.0 to 16.0) and 2.95.kg (range -1 1 .0 to 22.0) for 
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patients treated with 4 and 8 mg ot Avandia daily, respectively, versus 
1 .9 kg (range -1 1 .5 to 1 2.2) in glibenclamide treated patients. Weight 
gain with thiazoiidinediones can result from increases in subcutan- 
eous adipose tissue and/or from fluid retention. Treatment should be 
re-evaluated In patients with excessive weight gain. 
In type 2 diabetes, long term and sustained improvements in glycaf- 
mic control (FPG and HbA1 c) have been demonstrated with Avandia 
given once or twice daily as monotherapy or in combination with other 
oral antidiabetic agents, In two studies, Avandia produced signifi- 
cantly greater reductions in FPG than glibenclamide after 52 weeks 
of treatment. Avandia treatment has been associated with clinically 
significant reductions in fasting and postprandial plasma glucose 
levels and in glycated haemoglobin. The improvement in glycaemic 
control was maintained throughout the duration of the studies (up to 
18 months). 

Consistent with the mechanism of action of Avandia, enhanced 
glycaemic control is accompanied by clinically significant decreases 
in serum insulin and C-peptide levels. There are also reductions in 
proinsulin and 32,33 split proinsulin, which are believed to correlate 
with cardiovascular risk factors. Significant decreases in free fatty 
acids are a key feature of Avandia treatment. . 
Patients with lipid abnormalities were not excluded from clinical trials 
of Avandia. As monotherapy, Avandia was associated with dose 
ordered increases in total cholesterol (TC), LDL-cholesterol and 
HDL-cholesterol and decreases in free fatty acids. The increase in 
LDL occurred during the first one, to two months of therapy with 
Avandia, plateauing thereafter. In contrast, HDL continued to rise 
over time. As a result the TC/HDL ratio was unchanged after 12 
months' treatment, with a subsequent reduction from baseline after 
longer term treatment. The pattern of LDL and HDL changes follow- 
ing therapy with Avandia in combination with metformin or sulfonyl- 
ureas was generally similar in magnitude and time course to those 
seen with Avandia as monotherapy. The changes seen in triglycer- 
ides during therapy with Avandia were variable. See Table 1. 



Summary of median lipid changes in a 52 week glibenclamide controlled monotherapy 
study (020) 





Gllbenclamtdo 


Rosiglitazone 8 mg daily 


Free tatty acids 

n 

Baseline median (mmot/L) 
% change 


168 

092. 
-9.7% 


145 

0.93 
-24.7% 


LDL 

n 

Baseline median (mmol/L) 
% change 


160 

3.68 
-3.3% 


133 
3.63 
+7.3% 


HDL 

n 

Baseline median (mmol/L) 
% change 


170 
1.18 
+8.0% 


145 

1.19 
♦17.4% 


TC/HDL 
n 

Baseline median (mmol/L) 
Difference from baseline 


184 

4.90 
-0.33 


170 
4.76 
-0.08 



Monotherapy. A total of 2,526 patients were treated with Avandia as 
monotherapy in six randomised, double blind, placebo/ active con- 
trolled studies. These studies ranged in duration from 8 to 52 weeks 
and included patients with a range of severity of diabetes. Although 
a specific study of Avandia in diet and exercise treated patients has 
not been conducted, a total of 736 patients previously treated with 
diet and exercise alone received Avandia as monotherapy in the 
clinical trial program. 
In a 26 week double blind, placebo controlled trial in type 2 diabetic 
patients with inadequate glycaemic control, all doses of Avandia 
resulted in a significant improvement in glycaemic control relative to 
baseline and placebo (see Table 2). 
When Avandia was dosed at 4 mg bd (twice daily), 70% of patients 
responded with a S.T.7 mmol/L reduction from baseline in FPG 
compared to 58% treated with 8 mg od (once daily), 54% with 2 mg 
bd, 45% with 4 rrig'bd and 19% with placebo. 
When administered at the same total daily dose, Avandia was 
generally more effective when administered in divided doses twice 
daily compared to once daily doses. The effect on HbA1c, however, 
was not statistically significant between 4 mg once daily and 2 mg 
twice daily. 

Avandia Table 2 

Improvement In metabolic control in a 26 week placebo controlled monotherapy study . 





Placebo 


Avandia 


Avandia 


Avandia 


Avandia 


Study 024 


4 mo od 


2 mg bd 


Bmgod 


4mgbd 


n 


... 173 


180 . 


186 


181 


187 


FPG (mmol/L) 
Baseline 








12.7 


12.7 


12.5 


12.7 


• 12.5 


Week 26 


12.0 


11.4 


10.5 


10.3 


9.6 


Difference from placebo 




. -1.73'. 


-2.41 * 


-2.73* 


-3.46* 


(adjusted mean) 












HbA1c(%) 










9.04 


Baseline (mean) 


8.93 


8.91 


8.87 ■ 


8.94 


Week 26 (mean) 


9.72 


,8.93 


8.74 


8.62 


8.73 


Difference from placebo 




-0.77* 


-0.93* 


■1.10* 


-1.45* 


{adjusted mean) 













weeks of treatment. At the end of week 52, the reduction from 
baseline in FPG and HbA1c was 2.3 mmol/L and 0.53% with 4 mg 
bd Avandia; 1 .4 mmol/L and 0.27% with 2 mg bd Avandia; 2.0 mmol/L 
and 0.72% with glibenclamide. The improvement in glycaemic con- 
trol observed at week 26 with Avandia 4 mg bd was maintained 
throughout the second 26 week period of the study. In patients 
treated with Avandia, C-peptide, insulin and split products of insulin 
were significantly reduced, compared to an increase in the gliben- 
clamide treated patients. (See Figures 1 and 2.) 

Avandia ' Figure 1 

Mean FPG over time in a 52 week glibenclamide controlled study 



*p < 0.0001 compared to placebo 

In a second 26 week double blind, placebo controlled study in diabetic 
patients with inadequate glycaemic control, a statistically significant 
improvement in HbA1c of 1.2 and 1.5% and in FPG of 32 and 4.2 
mmol/L was observed with Avandia when administered at 2 mg bd 
and 4 mg bd, respectively, compared with placebo. 
' When Avandia was dosed at 4 mg bd, 64% of patients responded 
with a 1 .7 mmol/L reduction from baseline in FPG compared to 54% 
with 2 mg bd and 16% with placebo. 

In a 52 week double blind, active controlled study which enrolled 587 
type 2 diabetic patients, Avandia 2 mg bd and 4 mg bd was compared 
to glibenclamide. 'Patients in all three treatment groups displayed a 
statistically significant Improvement in glycaemic control. According 
to the protocol defined definition of equivalence, Avandia 4 mg bd 
was as effective as glibenclamide in reducing HbA1o and resulted in 
significantly greater reductions in FPG than glibenclamide after 52 




Avandia Figure 2 

Mean HbA1c over time in a 52 week glibenclamide controlled study 




(Error bars * SE) 



Combination therapy with metformin and sulfonylureas. Five well 
controlled double blind studies of 26 weeks duration assessed the 
efficacy of Avandia in combination with metformin or sulfonylureas 
(SUs). A total of 338 type 2 diabetic patients were treated concomi- 
tantly with Avandia and metformin and a total of 726 patients were 
treated concomitantly with Avandia and an SU. As a consequence 
of different but complementary mechanisms of action, combination 
therapy of Avandia with metformin or an SU resulted in additive 
improvements in glycaemic control in type 2 diabetic patients. The 
dose response relationship for efficacy was similar to that seen in 
monotherapy. 

Improvements in metabolic control observed in two studies when 
Avandia was used in combination with a near maximal dose (2.5 
g/day) metformin are displayed in Table 3. 

Avandia Table 3 

Improvement In metabolic control in patients receiving Avandia plus metformin 



Change In FPG v 

. mem 



Change In HbA1c versus 

metformin alone 
% of patients with FPG 
reductions 1.7 mmol/L 



Avandia 4 mg od 
+ metformin 
n°116 



-2.2 mmol/L 
-1.0% 
45% 



Avandia 8 mg ot 
+ metformin 
no 110 



-2.9 mmol/L 
-1.2% 
60% 



ivandla4mg be 
+ metformin 
n-103 



-3.1 mmol/L 
-0.8% 
67% 



Similarly; investigation of Avandia in three studies in combination with 
SU demonstrated that combination therapy with Avandia 2 mg twice 
daily resulted in significant decreases of up to 1 .4% in HbA1c and of 
up to 3.1 mmol/L in FPG compared to SU alone. 
Long-term studies on morbidity (including cardiovascular effects) 
and mortality outcomes are not yet available. 
Pharmacokinetics. Absorption. Avandia is rapidly and completely 
absorbed after oral administration, with negligible first pass meta- 
bolism. Absolute bioavailability of Avandia following both a 4 and an 
8 mg oral dose is approximately 99%. Plasma concentrations of 
Avandia peak at around one hour after dosing and are approximately 
dose proportional over the therapeutic dose range. 
Administration of Avandia with food resulted In no change in overall 
exposure (AUC), although a small decrease in Cmax (approximately 
20 to 28%) and a delay in Tmax (1 .75 hours) were observed when 
compared to dosing in the fasted state. These small changes are not 
clinically significant and, therefore, it Is not necessary to administer 
Avandia at any particular time in relation to meals. The absorption of 
Avandia is not affected by increases in gastric pH. 
Distribution. The volume of distribution of Avandia is approximately 
0.184 L/kg and total plasma clearance around 3 Uhour in healthy 
volunteers. Avandia is approximately 99.8% bound to plasma pro- 
tein, primarily albumin. Concentration or age does not influence 
plasma protein binding of Avandia. There is no evidence for unex- 



pected accumulation ot rosiglitazone after once daily or».h 
dosing. -^Kartoft 
Metabolism. Metabolism of Avandia is extensive witheosgj^ 
compound being excreted unchanged. The major routes toting 
bolism are N-demethyiation and hydroxy ialion, followed byxpphi 
tion with sulfate and glucuronic acid. The metabolites of Ava) ' 
not considered to have any clinical relevance. '» • <>aju 
In w'f/o data demonstrate that Avandia is predominantly met? 5 
by cytochrome P450 (CYP) isoenzyme 2C8, with CYP2p9L 
uting only as a minor pathway. In in vitro studies, rosiglitazqnera 
a moderate inhibition of CYP2C8 and minor inhibition ; of j@J 
Significant inhibition of these enzymes is unlikely to occuf^L 
peutic doses. In addition, there is no significant in vitro iQpjj 
CYP1A2, 2A6, 2C19, 2D6, 2E1, 3A or.4A with Avandia.jtih 
there is a low probability of significant metabolism based ; i.nte, 
with drugs metabolised by these P450 enzymes (see Interaj 
Excretion. The terminal elimination half-life of Avandia, j§4j 
mately three to four hours. The major route of excretion isj 
with approximately two-thirds of the dose being eltminatej' 
route. Faecal elimination accounts for approximately. 25%if| 
In the pooled population pharmacokinetic analysis, therjtegr 
marked differences in the pharmacokinetics of Avandja^f 
males and females, or between elderly and non-elderi^pgrtjej 
In patients with moderate to severe (Child-Pugh B/C) hejr 
ease, unbound Cmax and AUC were two and threefoloJjjL 
patients with hepatic impairment as a result of decrease^!" 
protein binding and reduced clearance of Avandia (see. Do 
Administration). ..^ _ 

There are no clinically significant differences in the phaimacp 
of Avandia in patients with renal impairment or end.stj 
disease on chronic dialysis. No dosage adjustment is,'.;" 
these patients. . 
Indications Treatment of type 2 diabetes mellitus (fog. 
dependent diabetes mellitus). , , > <0 ^ 

It may be used as monotherapy in patients inadequatelyi.cc- 
by diet and exercise and in combination with sulfonylureas' 
formin to improve glycaemic control in patients with type. 2 
mellitus. ^\\t\^ 
Contraindications Hypersensitivity to rosiglitazone rrjaj 
any of the listed excipients. 

Precautions Avandia is effective only in the presence^ 
and should not be used in type 1 diabetes mellitus. . . 
As a consequence of improving insulin sensitivity, Avandia ^ 
In premenopausal anovulatory patients with insulin resistor 
patients with polycystic ovary syndrome) may result in resu 
ovulation. In these patients adequate contraception stout 
ommended to avoid the risk of pregnancy. * 
Premenopausal women have received Avandia during cfiriica 
ies. Although hormonal imbalance has been seen In pra 
studies (see Carcinogenicity, mutagenicity and impairmen^o 
Ity), no significant adverse experiences associated with : *rjp 
disorders have been observed. If unexpected menstrual dy£ 
occurs the benefits of continued therapy should be reviewe- 
Patients with New York Heart Association (NYHA) cfas£jl[j 
cardiac' status were not studied during clinical trials. Ro 
should not be used in these patients. 
In patients with class I to II heart failure the benefits of th< 
be weighed against the risks before initiating treatment. 
Since thiazoiidinediones can cause fluid retention, which c 
erbate congestive heart failure, patients at risk for heai 
(particularly those on insulin) should be monitored for sjgf 
symptoms of heart failure. Patients. and/or their carers shh 
warned of the potential symptoms of worsening cardiac fuHci 
rosiglitazone should be discontinued if any deterioration is bV 
In controlled clinical trials of patients with type 2 diabete&.j* 
moderate oedema was reported in patients treated with Ayaf 
may be dose related. 

In clinical trials with Avandia, encompassing 2,492 patient' 
exposure, there was no evidence of drug induced hepatblr 
elevations of ALT levels. In postmarketing experience wfth\ 
there have been rare reports of hepatocellular dysfunction, J Jp_ 
evidenced by elevated hepatic enzymes. Causality has' hU 
established. However, It is recommended that patients tre&te 
Avandia undergo periodic monitoring of liver enzymes. 
zymes should be checked prior to the Initiatibh ' of therap. 
Avandia in all patients. Therapy with Avandia should not be'lrV 
in patients with increased baseline liver enzyme levels (ALTv 
upper limit of normal). - V 

In patients with normal baseline liver enzymes, following inttia^ 
therapy with Avandia. it is recommended that liver enzyr^ 
monitored every two months tor the first 12 months, and peri^: 
thereafter. Patients with mildly elevated liver enzymes (AL ; T<>|| 
one to 2.5 x upper limit of normal) at baseline or during thera""' 
Avandia should be evaluated to determine the cause of." 
enzyme elevation. If at any time ALT levels increase to >$*L 
limit of normal in patients on therapy with Avandia, liver' efe 
levels should be rechecked as soon as possible. If ALT levels f< 
> 3 x the upper limit of normal, therapy with Avandia" shdtH 
discontinued. % 
If any patient develops symptoms suggesting hepatic dysfurioi 
which may include unexplained nausea, vomiting, aMomihaffjj 
fatigue, anorexia and/or dark urine, liver enzymes should 
checked. The decision whether to continue the patient on'th&r^ 
with Avandia should be guided by clinical judgement pendinrj ; t|* 
ratory evaluations. If jaundice is observed, drug therapy shduig 
discontinued. *% 
For patients with normal hepatic enzymes who are switched Jffl 
troglttazone to Avandia, a one week washout is recommended bet- 
starting therapy with Avandia. 

Impaired hepatic function. Owing to a difference in the pharr 
kinetic profile (see Actions. Pharmacokinetics) and limited etfp^ 
ence, Avandia is not recommended In patients with moderate 
severe hepatic impairment (Child-Pugh B/C). Therapy with Avari' 



Patients with 

adverse events 
Upper respiratory 

tract infection 
Injury 
Headache 
Back pain 
Hypergiycaemia 
Fatigue 
Sinusitis 
Diarrhoea 
Hypoglycemia 



S?^Sr3 the patient exhibits clinical evidence of active 
^S^Sfensaminase levels (ALT > 2.5 x upper 

SfflfiSS" &art of therapy. , , _ 

fl-W-SSaenesis, Impairment of fertility. Two 
^^dies, were conducted in Charles River CD-1 
"hBBwI 8 -and- 6 mg/kg/day in the diet and in 
l ^ffi'Sal Ravage doses of 0.05, 0.3 and 2 
*' Idulvalent to approximately 10 to 20 times 
nnefttie t curve) at the maximum recommended 
i&N)j Rosi^iitazone was not carcinogenic in the 
■nlncrease in incidence of adipose hyperplasia 
'&-'$\ j£ ! <1\gfkQ/<iay {approximately two times 
• I'ivas'a^ignif icant increase in the incidence 
Vrho^s (lipomas) at doses > 0.3 mg/kg/day 
iSJiUman' AUC). These proliferative changes 
idered <iue to the persistent pharmacological 

JWRM^Srt* '<* clastogenic in the in vitro bacte 
w ..«iWHlniJr1»feni*^^^ ,ro chromosome aberration test 
®™*&&ttW^b rnotise micronucleus test and the 
*J0S •assay. "There was a small (about twofold) 
ipWiftheWi^-mbuse lymphoma assay at toxic 
ftEWm'icrogram/mL. 
n f^tifi^ performance or on fertility of male 
iHh'fpslglitazone at exposures greater than 
^d ^iinically '(based on AUC). However, 
ttain&rft 'ofmaiy'rafs with rosiglitazone, reduced 
^k^t^expoSures approximately twice the 
&0&aTe! xposure and this was associated with 
inr "i&y'a't 'exposures approximately ten times 
4liHfdal Exposure (based on AUC). 
tSm'a' levels of progesterone and oestradiol, 
iHSf iililced fertility of female rats but only Preier rad term 
MUl&nje^gireatfer than 20 times anticipated 
ffi*ffiPte£)'^ monkeys, rosiglitazone dimin- 
1^?eTi)r^ ! bestradiol with consequential reduc- 
"'"fene ^u^e. lower luteal phase progester- 
^nsfHial cycles at exposures 2.7 times 
osiMlbased oh AUC). 
Base*d'tieaH weights were evident in mice (S 
— foHlRs)\'fats (2 0.3 mg/kg/day after two 
Mffity "after 12 months) following treat- 
fmV&xirf&tely 3, "2 and 0.3 times human 
" mm'ehd'ed human daily dose, respec- 
a .yMs ib of 'the hearts indicated ventricular 
Sjdered to be due to increased workload as 
kHahsioh.' : " t 

^Hy'shiQies in patients with type 2 dia 
g^wlce daily for 52 weeks (n = 86) or 
f6r '26 weeks (n = 90)), have shown no 
m uardlat structure or function. These studies 
^t*a change in left ventricular mass of 10% or 

* jSeWry'l&y-R 6'siglitazone was not teratogenic 
BWtBflifeftt-fatS'br' rabbits during the period of organo- 
ifl^6ltsoclkte"d with respective exposures up to about 
^^>6Wicibated : cliriically (based on AUC). Follow- 
^Wjjtitehi rosiglitazone and/or its metabolites crossed 
tf6a#aed*etal death and retardation of fetal develop- 
i'i(!^bbi!s,'wHh^nc-effect doses of approximately four 
%^itea! ensure (based on AUC) in both species. 
s^^e«4ttb embryd when rosiglitazone was given to 
^ArtKg implantation 'dr. early organogenesis. 
jj#pt^ controlled studies in pregnant 

.*-. - a ^k^jq^:^o U |^ not De usec j during pregnancy 
^'ferap^utjcjbenefit outweighs the potential risk 

(Mgfyisuggests that abnormal blood glucose 
associated with a higher incidence of 
«'«<»p^lal .morbidity and mortality. The use 
fended for patients with type 2 diabetes 
it^&blood glucose levels as close to 

$f^pwjng,x>ral. administration of radiolabeled 
ta $DP '.'rats 'the parent drug and/or its metabolites 
IjjsTjjcjt frown whether rosiglitazone is 
jfttqjj^ rats in pregnancy through 

or^e decreased postnatal survival, growth and 
jspn'ha 'with'a maternal no-effect dose level 
^aas^^Uc'.pf t about three times the maximum 
rj^^e^theriefpre, a decision should be made 
^Kuejjir^^^edjng or to discontinue the drug, 

i^ver^ a>^ no '^ata' available on the use of Avandia 
"tdftryi^r^i^.age.'.and therefore its use in this age 
^Jf^ded,;, ; p 

XJP.iltfyS -8* operate machinery. Avandia does not 
"l^-SS^on^ should not impair the ability to drive 

^™"S : ^dir|ically relevant drug interactions have been 

^'ptratiorvwith other oral antidiabetic agents includ- 
Siben^amidejand acarbose did not result in any 
Ift^hanroapokinetic or pharmacodynamic inter- 

t9 l ,f? ee n eyalu,ated fpr use in combination with insulin, 
^effects', on .the .steady-state pharmacokinetics of 
iKS^feS^ r,J *^ it.- -affect the. anticoagulant activity of 

gnftW^^Hidine did not alter the pharmacokinetics of 
B' 1 ^ 8 ^" 8 01 rosiglitazone, suggesting that 
Zi^J^^tpstglitazone- is not altered by increases in 



6e Hypoglycaemic agents 

In vitro studies demonstrate that Avandia is predominantly meta 
boiised by CYP2C8, with CYP2C9 contributing as only a minor 
pathway. Since there are no known inhibitors of CYP2C8 used 
clinically, concomitant drug therapy is not expected to inhibit rosigli- 
tazone clearance. In addition, Avandia had no clinically relevant 
effect on the pharmacokinetics of S(-)-warfarin, a substrate for 
CYP2C9. 

Rosiglitazone caused a moderate inhibition of CYP2C8 and a minor 
inhibition of CYP2C9 in vitro. Significant inhibition ol these enzymes 
is unlikely to occur at therapeutic doses (see Actions, Pharmaco- 
kinetics). Since there are only a few known substrates for CYP2C8 
(paclitaxel, cerivastatin), the potential for an interaction involving this 
enzyme is even more unlikely. 

No clinically relevant effects on nifedipine or oral contraceptives 
(components ethinyloestradiol and norethindrone) were observed 
after coadministration with Avandia confirming a low probability of 
clinically relevant interactions with drugs metabolised by CYP3A4. 
Moderate ingestion of alcohol with Avandia has no effect on glycae 
mic control. 

Adverse Reactions In clinical trials, adverse experiences with 
Avandia were generally not dose related, and were mostly mild and 
transient in nature. In placebo controlled studies, Avandia was well 
tolerated when used as monotherapy or in combination with SUs 
(sulfonylureas) and metformin. The need tor discontinuation of ther- 
apy due to adverse experience occurred in 7.5% of patients treated 
with Avandia compared with 8.2% of placebo patients (in placebo 
controlled studies). (See Table 4.) 

Most commonly reported adverse experiences (is 5% in any treatment group) in double 
Wind monotherapy studies 



Avandia 
monotherapy 
no 2,526 
n(%) 



1742 (69.0%) 

251 (9.9%) 

192(7.6%) 
148 (5.9%) 
102 (4.0%) 
99 (3.9%) 
92 (3.6%) 
82 (3.2%) 
59 (2.3% 
16 (0.6%) 



Placebo 



l)t>601 
n(%) 



374 (62.2%) 
52 (8.7%) 

26 f.4.3% 1 
3D (5.0% 
23 (3.8% 
34 (5.7% 
30 (5.0% 

27 (4.5% 



Metformin 



172 (76.4%) 

20 (8.9%) 

17 (7.6%) 
20 (8.9%) 
9 (4.0%) 
10(4.4%) 
9 (4.0%) 
12 (5.3%) 
35 (15.6%) 
3 1.3%) 



n = 626 
M%) 



In a small number of patients treated with Avandia adverse experi- 
ences of oedema, hypercholesterolemia and anaemia (decreased 
haemoglobin) were reported in double blind trials. 
Oedema was reported in 4.8% of patients taking Avandia, compared to 
1.3% on placebo, 1.0% on sulfonylureas and 2.2% on metformin. 
Treatment was required for 1.2% of patients with an adverse event of 
oedema. These adverse experiences uncommonly led to withdrawal. 
Hypercholesterolemia was reported in 3.4% of patients. The ele- 
vated total cholesterol levels were associated with an increase in 
both LDLc (n *= 2,048) and HDLc (n = 2,177) and the ratio of total 
cholesterokHDLc was unchanged or decreased in long-term studies 
(n = 886 after 12 months' therapy). Overall, these experiences were 
generally mild to moderate and usually did not require discontinuation 
of treatment. 

Across all controlled clinical studies, decreases in haemoglobin and 
haematocrit (mean decreases in individual studies 5 1 .0 g/dL and < 
3.3%, respectively) were observed for both Avandia alone and in 
combination with metformin or sulfonylurea. The changes occurred 
primarily during the first tour to eight weeks of therapy and remained 
relatively constant thereafter. Anaemia (decreased haemoglobin) 
was reported at an incidence of 1.9% in double blind studies with 
Avandia. The incidence of anaemia was higher when Avandia was 
used in combination with metformin (7.1%). Lower pretreatment 
haemoglobin/ haematocrit levels in patients enrolled in the metformin 
combination clinical trials may have contributed to the higher report- 
ing rate of anaemia in these studies. 

White blood cell counts also decreased slightly in patients treated 
with Avandia. The observed changes may be related to the increased 
plasma volume observed with treatment with Avandia and have not 
been associated with any significant haematological clinical effects. 
An increase in weight was reported as an adverse experience by 
0.9% of patients on Avandia. 

In a large clinical program (4,327 patients treated with Avandia) the 
incidence of elevations of ALT greater than three times the upper limit 
of normal was equal to placebo (0.2%) and less than that of the active 
comparators (0.5% metformin/SUs). The incidence of reports of all 
adverse experiences relating to liver and biliary systems also was 
low and equal to placebo (0.7%). 

Dose related weight gain was seen with Avandia alone and in 
combination with other hypoglycaemic agents. The mechanism of 
weight gain is unclear but probably involves a combination of fluid 
retention and fat accumulation (see Actions, Clinical trials). 
In keeping with its mechanism of action, .Avandia given as mono- 
therapy is not associated with hypoglycaemia. In clinical trials, 
Avandia did not potentiate the hypoglycaemic effects of sulfonyl- 
ureas. However, patients receiving rosiglitazone in combination with 
insulin or oral hypoglycaemic agents may be at risk for hypoglyc- 
aemia and a reduction in the dose of the concomitant agent may be 
necessary. 

Postmarketing reports of congestive heart failure and pulmonary 
oedema have been received rarely. 

Postmarketing reports of hepatic dysfunction, primarily evidenced by 
elevated hepatic enzymes, have been received rarely. A causal 
relationship to rosiglitazone has not been established. 
Dosage and Administration Avandia therapy can be initiated 
at 4 mg/day. This dose can be increased to 8 mg/day after six to eight 
weeks if greater glycaemic control is required. Avandia may be given 
once or twice a day (see Actions, Clinical trials). 
Avandia may be taken with or without food. 
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No dose adjustment is required in the elderly. 
No dose adjustment is required in patients with varying degrees of 
renal insufficiency, including patients with end stage renal disease 
on chronic haemodialysis. 

No dosage adjustment is required in patients with mild hepatic 
impairment (Child-Pugh A). Owing to a difference in pharmaco- 
kinetics and limited experience, Avandia is not recommended in 
patients with moderate to severe hepatic impairment (Child-Pugh 
B/C) Therapy with Avandia should not be initiated if the patient 
exhibits clinical evidence of active liver disease or increased trans- 
aminase levels (ALT > 2.5 x upper limit of normal) at the start of 
treatment (see Precautions). 

Overdosage Limited data are available with regard to overdosage 
in humans. In clinical studies in volunteers Avandia has been admin- 
istered at single oral doses of up to 20 mg and was well tolerated 
In the event of an overdose, it is recommended that appropriate 
supportive treatment should be initiated as dictated by the patient s 
clinical status. Avandia is highly protein bound and is not cleared by 
haemodialysis. 

Presentation Tiltab tablets, 2 mg (film coated, pentagonal, pink): 
1 4's 28's 56's (2 mg currently not available in Australia); 4.0 mg (film 
coated, pentagonal, orange): 7's, 28's. 56*s (only 28's currently 
available in Australia); 8.0 mg (film coated, pentagonal, red-brown): 
28-s. 

Storage Store below 30°C. Shelf-life at this temperature is 2 years. 

Poisons Schedule S4. 

TGA approvaWast amendment: 30/05/2002 

Paonil, Semi-Daonil 

Revised EntiyirWEaifion 
Aventis Pharrna Pty Limited 

Composition Glibenclamide. 

Description Glibenclamide belongs to the sulfonylurea group of 
oral antidiabetics. Earlier members of this group are carbutamide. 
tolbutamide, acetohexarriide and chlorpropamide.' 
Chemical name: 1-(4-(2-(5-chloro -2-methoxybenzamido) ethyl) 
benzenesulfonyl) -3-cyclohexylurea. Molecular formula: 
C23H2BCIN3O5S. MW: 494. It is a white, odourless, crystalline P owder ; 
practically insoluble in water and in ether, slightly soluble in alcohol 
and sparingly soluble In chloroform. 
Actions Oral hypoglycaemic. ' 
Pharmacology. Daonil appears to lower the blood glucose acutely 
in healthy individuals and type ll'diabetic patients by stimulating the 
release of insulin from the pancreas, an effect dependent upon the 
functioning B cells. It acts in concert with glucose (improved sensi- 
tivity of B cells to physiological glucose stimulus).and leads to an insulin 
secretion in the rhythm of meals. Other mechanisms of the hypoglyc- 
aemic action associated with short-term therapy appear to include 
reduction of basal hepatic glucose production and enhancement or 
peripheral insulin action at postreceptor (probably intracellular) sites. 
With chronic administration of Daonil and Semi-Daonil in type ii 
diabetic patients, the improvement in glucose tolerance persists, 
despite a gradual decline in glucose or meal stimulated secretion of 
insulin towards pretreatment levels. Extrapancreatic effects appear 
to substantially contribute to the hypoglycaemic action of the drug 
during long-term administration. The effects appear to include en- 
hanced peripheral sensitivity to insulin and reduction of basal hepatic 
glucose production. There is evidence that glibenclarmde enhances 
the peripheral action of insulin at postreceptor (probably intracellular) 
sites and increases the insulin binding and/or the number of insulin 
receptors. 

Glibenclamide also exerts a direct inhibitory effect on glucagon 
producing a cells of the pancreas and increases the release of 
somatostatin. However, these two pancreatic extra-B cell actions 
may play only a minor clinical role. 

In addition to its blood glucose lowering effect, glibenclamide has a 
mild diuretic action and increases the free water clearance. 
Pharmacokinetics. Absorption, metabolism and excretion. Gliben- 
clamide is nearly completely absorbed (84 ± 9%) after oral adminis- 
tration and is extensively bound (99%) to serum proteins. The peak 
serum concentration is reached in two to six hours a« er Jf kin 9 a 
Daonil 5 mg tablet and falls within 24 hours to less than 5% of the 
peak value. The area under the serum concentration-time curve 
(AUC) increases in proportion to increasing doses. Food apparently 
does not affect the rate or extent of absorption of glibenclamide. 
Multiple dose studies with glibenclamide in diabetic patients demon- 
strate drug level concentration-time curves similar to single dose 
studies, indicating no buildup of drug in tissue depots. In nonfasting 
diabetic patients, the hypoglycaemic action of a single morning dose 
of glibenclamide persists for 24 hours. 

Serum concentrations of glibenclamide appear to decline in a btpha- 
sic manner. The elimination half-life of glibenclamide after intra- 
venous dosage is approximately two hours, and two to five hours 
after oral administration. Some reports indicate a longer half-lite of 
eight to ten hours in diabetic patients. , . _ . 

Glibenclamide appears to be completely metabolised, probably n 
the liver. The drug is metabolised at the cyclohexyl ring principally to 
the 4-frans-hydroxy derivative. A second metabolite, the 3-c/s-hy- 
droxy derivative, also occurs. These metabolites contribute no sig- 
nificant hypoglycaemic action since they are only weakly active 
(0 25% and 2.5%, respectively, as glibenclamide) in rabbits. 
Glibenclamide is excreted as metabolites in the bile and unne. 
approximately 50% by each route. In patients with renal insufficiency, 
depending on the degree of the renal excretion disorder there is 
increased elimination of the metabolites via the bile. This dual 
excretory pathway is qualitatively different from that of other sulfonyl- 
ureas, which are excreted primarily in the urine. 
Glibenclamide appears to be only minimally removed by haemodialysis. 
Indications As an adjunct to diet to lower the blood glucose in 
patients with noninsulin dependent diabetes mellitus (type II) whose 
hypergiycaemia cannot be controlled by diet alone. Because of its 
broad and predictable action, Daonil and Semi-Daonil are often 
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suitable for the management of patients who have failed to respond 
to other oral antidiabetics. 
In initiating treatment for noninsulin dependent diabetes, diet should 
be emphasised as the primary form of treatment. Caloric restriction 
and weight loss are essential in the obese diabetic patient. Proper 
dietary management alone may be effective in controlling the blood 
glucose and symptoms of hyperglycaemia. The importance of regu- 
lar physical activity should also be stressed, and cardiovascular risk 
factors should be identified and corrective measures taken where 
possible.- If this treatment program fails to reduce symptoms and/or 
blood glucose, the use of an oral sulfonylurea should be considered. 
Use of Daoni) and Semi-Daonil must be viewed by both the doctor 
and patient as a treatment in addition to diet, and not as a substitute 
for diet or as a convenient mechanism for avoiding dietary restraint. 
Contraindications Known hypersensitivity or allergy to gliben- 
ctamide. Insulin dependent diabetes (type I or juvenile onset dia- 
betes) or diabetes complicated by ketosis. Serious metabolic decom- 
pensation with acidosis, in particular precoma and coma. Severe 
impairment of renal function. Severe hepatic dysfunction. Pregnancy 
(see Precautions, Use in pregnancy). Lactation (see Precautions, 
Use In lactation). 

Warnings The treatment of diabetes requires regular checks. Until 
optimal control is achieved, or when changing from one product to 
another, or when tablets are not taken regularly, the patient's alert- 
ness and capacity to react may be impaired to such an extent that 
they may not be fit to drive or to operate machinery. 
When situations of unusual stress arise (e.g. emergency or elective 
surgery, febrile infections), a temporary change to insulin may be- 
come necessary. 
It should be borne in mind that there is a possibility of cross sensitivity 
to sulfonamides and their derivatives. 
Alcohol (see Interactions). 
Use in children. The safety and efficacy of glibenclamide in children 
have not been established. Glibenclamide is not recommended I fp.r 
use in this age group. 

Precautions Hypoglycaemic reactions. Severe hypoglycaemia, 
which may be prolonged and is potentially lethal, can be induced by 
all sulfonylureas. 

Debilitated, malnourished or elderly patients and patients with mild 
disease or impaired . hepatic or renal function should be carefully 
monitored and the dosage of glibenclamide should be carefully 
adjusted in these patients, since they may be predisposed to devel- 
oping hypoglycaemia. Renal or hepatic insufficiency may cause 
increased, serum concentrations of glibenclamide and hepatic insuf- 
ficiency may; also diminish gtyconeogenlc capacity, both of which 
increase the risk of severe . hypoglycaemic reactions. 
Alcohol, ingestion (see interactions), severe or prolonged exercise, 
deficient caloric intake, use of more than one antidiabetic agent, 
severe endocrine disorders and adrenal or pituitary insufficiency may 
also predispose patients to the development of hypoglycaemia. 
Patients, receiving glibenclamide should be monitored with regular 
clinical and laboratory evaluations, including blood and urine glucose 
determinations, to determine the minimum effective dosage and to 
detect primary failure (inadequate lowering of blood glucose concen- 
tration at the maximum recommended dosage) or secondary failure 
(loss of control of blood glucose concentration following an .initial 
period of , effectiveness) to the drug. Glycosylated . haemoglobin 
measurements may also be useful for monitoring the patient's re- 
sponse to glibenclamide therapy. During the. withdrawal period in 
patients in whom glibenclamide is replacing insulin, patients should 
be instructed to test their urine for glucose and ketones at least three 
times daily, and to report the results to their doctor. When feasible, 
patient or laboratory monitoring of blood glucose concentration is 
pref erable. Care should be taken to avoid ketosis, acidosis arid coma 
during the withdrawal period in patients being switched from insulin 
to glibenclamide. If adequate lowering of blood glucose concentration 
is no longer achieved during maintenance therapy with : gliben- 
clamide, the drug should be discontinued. 

Patients and responsible family members should be made aware of 
the signs and symptoms of hyperglycaemia (severe thirst, dry mouth, 
frequent micturition, dry skin) and hypoglycaemia (intense hunger, 
sweating, tremor, restlessness, irritability, depression, headaches, 
disturbed sleep or transient neurological disorders) and the prompt 
action to the occurrences. . 

In the presence of a genetic defect in metabolism, the elimination 
half-life may be prolonged. 

Because of their broad and predictable hypoglycaemic effect, Daonil 
and Semi-Daonil should be taken immediately before breakfast. 
Patients who eat only a light breakfast should defer the first dose of 
the day until lunchtime. 

Some improvement in glucose tolerance may take place after a few 
weeks' treatment with Daonil or. Semi-Daonil. The clinical status 
should be checked within the first four to eight weeks and at regular 
intervals thereafter, so as to ascertain whether it is possible to cut 
down the dose. 

Use In pregnancy. (Category C) It is important to achieve strict 
normogiycaemia during pregnancy. Oral hypoglycaemic agents 
should be replaced by insulin. The sulfonylureas may enter the fetal 
circulation and cause neonatal hypoglycaemia. In animal studies, 
embryotoxicity and/or. birth defects have been demonstrated. 
Use in lactation. It is not known whether glibenclamide is excreted 
In milk or whether it has a harmful effect on the newborn infant. 
Therefore it is not recommended for breastfeeding mothers unless 
the expected benefits outweigh any potential risks. 
Interactions Other drugs given at the same time as sulfonylureas 
may cause undesirable depression or elevation of the blood sugar 
level. 

Drugs that may potentiate the hypoglycaemic action of Daonil and 
Semi-Daonil include alcohol, angiotensin Converting enzyme (ACE) 
inhibitors, aminosalicylic acid, anabolic steroids, 0-receptor blockers, 
bezafibrate, biguanides, chloramphenicol, clofibrate, clonidine, com- 
bined trimethoprim/sulfamethoxazole (co-trimoxazole), coumarin 
derivatives, disopyramide, fenfluramine, fluoxetine, gemfibrozil, 



guanethidine, heparin, MAOIs, miconazole, oxpentifylline (paren- 
teral, in high doses), phenylbutazone, phenyramidol, phosphamides, 
probenecid, quinolone antibiotics, ranitidine, reserpine, salicylates, 
sulfinpyrazone, tritoquaiine, tetracycline compounds and certain long 
acting sulfonamides. Highly protein bound drugs may also potentiate 
the hypoglycaemic action of Daonil and Semi-Daonil due to gliben- 
clamide displacement from plasma proteins, including oral anticoag- 
ulants, hydantoins, salicylates and other NSAIDs. 
Drugs that may cause an attenuation of the hypoglycaemic action of 
Daonil and Semi-Daonil include alcohol, acetazolamide, calcium 
channel blockers, cimetidine, clonidine, diazoxide, corticosteroids, 
glucagon, isoniazid, nicotinic acid (high dosage), oestrogens, pro- 
gestogens, phenothiazine derivatives, phenytoln, ranitidine, rifam- 
picin, ritodrine, saluretics, sympathomimetic agents, thyroid hor- 
mones and large doses of laxatives. 

Concomitant treatment with ^-receptor blockers or clonidone may 
mask the warning symptoms of a hypoglycaemic attack. In rare 
instances, potentiation or attenuation of the blood sugar lowering 
effect of Daonil and Semi-Daonil has been observed during concomi- 
tant therapy with Hb-receptor antagonists. 

In very rare cases, an intolerance to alcohol may occur. Excessive 
alcohol ingestion by people who drink occasionally may attenuate 
the hypoglycaemic effect of glibenclamide or dangerously potentiate 
it by delaying its metabolic inactivation. Disulf iram-like reactions have 
occurred very rarely following the concomitant use of alcohol and 
glibenclamide. 

Food does not alter bioavailability or other pharmacokinetic para- 
meters of glibenclamide. 

Adverse Reactions Clinical experience in the use of Daonil and 
Semi-Daonil has shown that side effects serious enough to compel 
discontinuation of therapy are uncommon, even during long-term 
therapy. However, if adverse effects persist, the drug should be 
discontinued. 

Hypoglycaemia. May be not only severe, but also prolonged and fatal 
(see Precautions and Overdosage). 

Gastrointestinal reactions. Adverse gastrointestinal effects, e.g. nau- 
sea, vomiting, epigastric fullness or sensation of pressure, anorexia, 
heartburn, dyspepsia and diarrhoea, are the most common adverse 
reactions to glibenclamide, occurring In about 1 to 2% of patients. 
Glibenclamide induced adverse gastrointestinal effects appear to be 
dose related and may subside following a reduction in dosage. 
Pancreatitis has been reported rarely. 

Dermatoiogjcai reactions. Allergic skin reactions, e.g. pruritus, ery- 
thema, urticaria, and erythematous, maculopapular and bullous skin 
eruptions or psoriasiform drug eruption, occur in 1 .5% of treated 
patients. These may be transient and may disappear despite contin- 
ued use of glibenclamide; if skin reactions persist, the drug should 
be discontinued. Porphyria cutanea tarda, pellagra-like changes and 
photosensitivity reactions have been reported with sulfonylureas. 
Haematological reactions. Anaemia, leucopenia, thrombocytopenia, 
thrombocytopenic purpura, agranulocytosis, pancytopenia, eosino- 
philia, haemolytic anaemia, aplastic anaemia, bone marrow aplasia, 
eosinophilia and coagulation disorders have been reported with 
sulfonylureas. 

Hepatic reactions. Increased liver enzymes (AST, ALT), abnormal 
liver function, cholestasis/- cholestatic hepatitis; granulomatous 
hepatitis and bilirubinaemia have been reported with sulfonylureas. 
Miscellaneous. Although a causal relationship has not been estab- 
lished, the following adverse effects have been reported in patients 
receiving glibenclamide: paraesthesia, blindness, deafness, 
diplopia, visual disturbances, tremor, convulsions (other than with- 
drawal), encephalopathy, confusion, acute psychosis, abnormal re- 
nal function, acute renal failure, ocular disturbances (accommoda- 
tion changes; crystalline' lens changes), tactic acidosis, alopecia/hy- 
potrichosis, hyponatremia, syndrome of inappropriate secretion of 
antidiuretic hormone (SIADH), arthralgia, arthritis, cerebrovascular 
disorders, headache, facial oedema, angioedema, hypersensitivity 
vasculitis and increased sweating. 

Dosage and Administration Dosage of glibenclamide must be 
based on blood and urine glucose determinations and must be 
carefully individualised to obtain optimum therapeutic effect. If appro- 
priate glibenclamide dosage regimens are not followed, hypoglyc- 
aemia may be precipitated. 

In newly treated diabetic patients, stabilisation should be com- 
menced with one Semi-Daonil tablet dairy, taken immediately before 
breakfast Patients who eat only a light breakfast should defer the 
first dose of the day until lunchtime. 

After three to five days the blood sugar and urine sugar should be 

checked. If good control has been achieved, the daily dose of one 

Semi-Daonil tablet is continued as maintenance therapy. 

If control is unsatisfactory, elevation of the daily dose In steps of 2.5 

mg is necessary, at intervals of seven days, up to a maximum of 15 

mg or, in exceptional cases, four tablets (20 mg) daily. 

Daily allotments of up to 10 mg can be taken as a single dose before 

breakfast; daily dosage in excess of 10 mg should be taken before 

the evening riieal. 

in the management of type II diabetes mellitus, oral hypoglycaemic 
administration is not a substitute for appropriate dietary control. 
When transferring patients from other oral antidiabetic drugs, H is 
recommended to begin with the usual starting dose (2.5 to 5 mg/day). 
Depending on the pharmacokinetic and pharmacodynamic charac- 
teristics of the previous medication, a drug free transition period may 
be necessary in order to avoid overlapping drug effects, possibly 
resulting in hypoglycaemia. 

In general, patients who were previously maintained on insulin 
dosages up to 40 1 U daily may be transferred directly to glibenclamide 
and administration of insulin may be abruptly discontinued; the Initial 
glibenclamide dosage is 2.5 to 5 mg daily in patients whose insulin 
dosage was less than 20 IU dairy and 5 mg daily In patients whose insulin 
dosage was 20 to 40 IU dairy. In patients requiring insulin dosages 
greater than 40 IU daily, an initial glibenclamide dosage of 5 mg daily 
should be started and the insulin dosage reduced by 50%. Sub- 
sequently, insulin is withdrawn gradually and dosage of glibenclamide 



is increased in increments of 1.25 to 2.5 mg dairy everyttjjffiSS 
days, according to the patient's tolerance and therapeijtibfceSBg? 
During the period of insulin withdrawal, patients should test tfteSnffl 
at least three times daily for glucose and acetone^andrjsjv" 1 
instructed to report the results to their doctor so thabeppL 
adjustments in therapy may be mado. if necessary, wheYiiJ 
patient or laboratory monitoring of blood glucose .conce 
preferable. The presence of persistent ketonuria with L 
ketosis and/or inadequate lowering or persistent elevatiottoffj 
glucose concentration indicates that the patient re~ ' 
therapy. 

If adequate control is no longer possible with diet s 
Semi-Daonil (maximum 20 mg daily), good results rnay.be^jS 
by combined administration of Daonil and a biguanide ; c , '"^ 5r 
Overdosage Pathogenesis. Acute glibenclamide to: 
suit from excessive dosage, and numerous conditions mayjc 
pose patients to the development of glibenclamide inducedhy 
aemia (see Contraindications, Warnings and Precautions)}^ 
tal and intentional overdose of glibenclamide may caus 
prolonged hypoglycaemia. Fatal hypoglycaemia has-'c 
ingestion of as little as 2.5 to 5 mg of the drug. a 
Symptoms. Acute glibenclamide overdosage is manifest^ 
pally as hypoglycaemia, which may be severe and has : Qpx 
been fatal. Severe hypoglycaemia may result in lossoficj 
ness and seizures, with resultant neurological sequelae^ 
Treatment In case of overdosage with glibenclamide^ .a d& 
to be called immediately. At the first signs of hypoglyc^d 
patient must immediately take sugar, preferably glucpse^uj 
doctor has already started care. 
Since hypoglycaemia and its clinical symptoms i 
apparent . clinical recovery (even after several days) tj 
continued medical supervision and possibly referral to, a,f; 
indicated. In particular, significant overdosage and seven; 
e.g. with unconsciousness or other neurological dysfii 
emergency cases and require immediate care and hpspj 
if hypoglycaerhic coma is diagnosed or suspected,, a^mu^ 
cagon (adults: 0.5 to 1 mg) intravenously, subcutanebiijsljj 
muscularty, or an intravenous infusion of a 20% gluc^ejs 
(adults: 40 to 100 mL), until the patient recovers corisci^ar 
infants, glucose must be dosed very carefully, accompanied* 
monitoring of blood glucose, taking into account the risk of, 
severe hyperglycaemia. Other symptomatic therapy (e.gi i 
sants) should be administered as necessary. . ' fttfi 

In cases of acute intake of large amounts of glibenclamideg 
cation, e.g. by gastric lavage or medicinal charcoal as/an air- 
is indicated. '.. , ■ ■ witk 
Presentation Daonil Tablets, 5 mg (white, elongated,' s - " 
sides, marked LD I with .Hoechst logo): 100*s. " ... 
Semi-Daonil. Tablets, 2-5 mg (white, scored, rnarkeiO 
Hoechst logo): 1 00's. '.' 
See Product Identification Guide. Daonil 5 mg (grid 317 
Daonil 2.5 mg (grid 267, 318). 
Poisons Schedule S4. 
TGA approval/last amendment: 17/12/1999 

Diabex 

Revised Entry this Edition 
Aiphapharm Pty Ltd . 
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Life-threatening lactic acidosis can occur due to accumuJaUjjS 
metformin. Risk factors include renal impairment. Other riskifQr* 1 
include old age associated with reduced renal function % '"' 
doses of metformin above 2 a/day. 



Composition Active. Metformin 'rr^ro^loride. 
Inactive. Povidone, magnesium stearate, hypromellose,'' 
1,000 mg tablets also contain Macrogol 400 and Macrogoft 
Gluten free. U .^3L 
Description Chemical name: 1,1-dirhethylbiguanlde hyqro 
ide. Molecular formula: C^nNs.HCl. MW: 165.6. CAS: IftSgj 
Metformin hydrochloride is a white crystalline powder whicfijs) 
less or almost odourless and hygroscopic. It is freely solUbieirf 
slightly soluble in ethanol (96%), and practically insoluble Jn'i 
form and in ether. 

Actions Oral biguanide antihyperglycaemic agent. 
Pharmacology. Metformin causes an increased periphery 
of glucose by increasing the biological efficiency of avr " 1 " 
nous or endogenous insulin.' , 
The mode of action of metformin may be linked "to an iricri 
insulin sensitivity. It does not stimulate insulin release'^ 
require the presence of insulin to exert its antihypergly'cae'mi^ 
Possible mechanisms of action include inhibition of gluconedjjjj 
in the liver, delay in glucose absorption from the gastrointestirr 
and an increase in peripheral uptake of glucose. , 
Metformin has an antiketogenic activity which is comparable, 
somewhat inferior, to insulin' itself. Metformin lowers both fc& 
postprandial blood glucose in diabetic patients but does not 
hypoglycaemia in either diabetics or normal individuals. 
Clinical trials. The prospective randomised (UKPDS) stiii 
established the long-term benefit of intensive blood glucose'fiJ 
in type 2 diabetes. 

Analysis of the results for overweight patients treated with mel 
after failure of diet alone showed the following: a significant redL^ 
of the absolute risk of any diabetes related complication M tf*M 
metformin group (29.B events/ 1 ,000 patient years) versus diet I 
(43.3 events/ 1,000 patient years), p = 0.0023, and versii 
combined sulfonylurea and insulin monotherapy groups' r $ 
events/ 1 ,000 patient years), p = 0.0034; 
a significant reduction of the absolute risk of diabetes related 
ity: metformin 7.5 events/ 1 ,000 patient years, diet alone 1 2.7ev6jjtt 
1 ,000 patient years, p = 0.01 7; ,,f 
a significant reduction of the absolute risk of overall nw-na 
metformin 1 3.5 events/ 1 ,000 patient years versus diet alone 20V 
events/ 1 ,000 patient years (p = 0.01 1 ), and versus the 
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risks, including overalkalinisation with sodium bicarbonate. Because 
metformin hydrochloride is dialysable (with a clearance of up to 170 
mL/minute under good haemodynamic conditions), prompt haemo- 
dialysis is recommended .to correct the acidosis and remove the 
accumulated metformin. 

Presentation Tablets, $00 mg (white, scored, capsule shaped, 
film coated, marked DIABEX): 100's; 850 mg (white, film coated): 
60's; 1 ,000 mg (white, scored, oval shaped, film coated, marked 
1000): 60's. 

See Product Identification Guide. Diabex 500 mg (grid 1 53); Diabex 

1 ,000 mg (grid 853). 

Poisons Schedule S4. 

TGA approval/last amendment: 27/08/2002 

Diaformin 

Alphapharm Pty Ltd 

Composition Active. Metformin hydrochloride. 

Inactive. Povidone, magnesium stearate, Dri Klear-010 (includes 

hypromellose, hydroxypropylcellulose, polyethylene glycol); gluten 

free. 

Presentation Tablets, 500 mg (white, oblong, clear coated, 
scored, marked MF/1): 100's; 850 mg (white, round, clear coated, 
marked MF 2, G on reverse): 60's. 

See Product Identification Guide. Diaformin 500 mg (grid 349); 
Diaformin 850 mg (grid 350, 218). 

For further information see other brands/ presentations of metformin 
hydrochloride or eMIMS. 

Diamicron 

Servier Laboratories (Aust.) Pty Ltd 

Composition Active. Gliclazide. 

inactive. Lactose, maize starch, purified talc, magnesium stearate, 
pregetatinised maize starch. 

Description Chemical name: 1-(3-azabicydol3.3.0]oct-3-yl)- 3-p- 
tolylsulfonylurea. Molecular formula: CisteiNaOsS. CAS: 21187-98- 
4. Melting point: approximately 168°C. 

Gliclazide is a white or almost white powder, practically insoluble in 
water, freely soluble in dichloromethan, sparingly soluble in acetone 
and slightly soluble in ethanol 96%. 

Actions Pharmacology. Mode of action. Gliclazide stimulates 
insulin secretion from functional pancreatic p-cells and increases the 
sensitivity of the B-cells to a glucose stimulus (some residual B-cell 
function is therefore necessary). Gliclazide restores the diminished 
first-phase of insulin secretion noted in noninsulin dependent dia- 
betes mellitus. 

Any long-term hypoglycaemic activity of gliclazide can be attributed 
to an ability to maintain its effect on insulin secretion. Extrapancreatic 
effects may also be involved in the long-term efficacy of glidazide. 
Extrapancreatic effects demonstrated for gliclazide include improve- 
ment in insulin mediated glucose utilisation and potentiation of pos- 
treceptor insulin sensitive pathways. 

At normal therapeutic doses in humans, gliclazide reduces platelet 
adhesiveness and aggregation. 

Pharmacokinetics. Absorption. Gliclazide is absorbed in the gastro- 
intestinal tract reaching peak serum concentrations within four to six 
hours. 

Single dose studies have demonstrated that maximal falls In blood 
glucose levels (23% of an 80 mg dose; 30% of a 1 60 mg dose) occur 
approximately five hours after drug administration; nine hours after 
a dose of 160 mg, a reduction of 20% was stilt in evidence. 
The half-life of gliclazide is approximately 12 hours. 
Distribution. Gliclazide is distributed to the extracellular fluid. In 
animals, high concentrations of the drug were found in the liver, 
kidneys, skin, lungs, skeletal musde, intestinal and cardiac tissue. 
Penetration of gliclazide into the central nervous system was negli- 
gible. Gliclazide crosses the placental barrier and penetrates the 
fetus. The apparent volume of distribution of glidazide (20 to 40% 
expressed as a percentage bodyweight) is low and probably reflects 
the high degree of protein binding (94.2% at a plasma concentration 
of approximately 8 microgram/mL). 

Metabolism. Little information Is available on the metabolism of 
glidazide. At least eight metabolites (three major) have been identi- 
fied by thin layer and gas-liquid chromatography. Some of these are 
glucuronic add conjugates; only one of the metabolites has been 
identified (p-toluene sulfonamide). The liver is the probable site of 
metabolism. 

Excretion. Approximately 70% of the administered dose appears to 
be excreted in the urine and 1 1% in the faeces. The urinary excretion 
of the drug lis slow and the maximum rates do not occur until seven 
to ten hours after initial administration. The metabolic products are 
detectable in the urine 120 hours after oral administration. Faecal 
elimination is usually complete within 144 hours of oral administration. 
Indications Diabetes mellitus of the maturity onset type, which 
cannot be controlled by diet alone. 

Contraindications Gliclazide should not be used in diabetes 
complicated by addosis, ketosis or coma, or in patients with a history 
of repeated episodes of ketoacidosis or coma. 
Juvenile onset diabetes and unstable or brittle diabetes. As 
sulfonylurea hypoglycaemic agents are not effective in juvenile on- 
set, unstable or brittle diabetes, gliclazide should not be used in these 
conditions. 

Severe renal and hepatic disease. Gliclazide is contra indicated in 
severe hepatic or renal insuffidency. Caution should be exercised 
and dosage reduction may be required when using glidazide in 
patients with impaired renal or hepatic function. 
Hypersensitivity. Gliclazide should not be used with patients with 
known sensitivity to sulfonylureas. 
Use in pregnancy. (Category C) It is important to achieve strict 
normoglycaemia during pregnancy. Oral hypoglycaemic agents 
should be replaced by Insulin. 



The sulfonylureas may enter the fetal circulation and cause neonatal 
hypoglycaemia. In animal studies, embryotoxicity and/or birth de- 
fects have been demonstrated. 

Gliclazide should not be used in pregnant women. Whilst animal 
studies of gliclazide have not shown any teratogenic effect, gliclazide 
should only be used in women who are likely to become pregnant if 
the benefits outweigh the potential risk. 
Use in lactation. Gliclazide should not be used during lactation. 
Warnings Acute complications such as severe trauma, fever, 
infection or surgery. These acute complications provoke additional 
metabolic stress which accentuate the predisposition to hyperglyc- 
aemia and ketosis. Patients presenting with such conditions may 
require insulin to maintain control. It is not appropriate to increase 
the dosage of gliclazide. 

Hypoglycaemia. Close observation and careful initiation and adjust- 
ment of dosage is mandatory in patients who are elderly and debili- 
tated, malnourished, semistarved or simply neglecting dietary restric- 
tions. In such patients, severe hypoglycaemia may occur with all 
sulfonylureas and may require corrective therapy over a period of 
several days. Certain conditions such as alcoholism, insulinoma and 
adrenal, thyroid and pituitary insufficiency increase the sensitivity to 
sulfonylureas and may dispose to hypoglycaemia. 
Precautions Monitoring of diabetic state. As with other antidia- 
betic therapies, patients must be under close medical supervision. 
Particular care must be taken during the initial period of stabilisation. 
Patients treated with gliclazide should be monitored regularly to 
ensure optimal control of the diabetic state, and where necessary, 
tor adjustment of dosage. 

Transferring to gliclazide. Patients who have been previously 
treated with sulfonylureas or biguanides alone or in combination may 
be transferred to gliclazide. 

When glidazide is administered as sole therapy to patients who have 
previously required combination therapy (e.g. biguanides and sulf- 
onylureas), careful observation is essential during the transitional 



It is not generally recommended that insulin treated patients be 
transferred to glidazide. 

Patient awareness. Comprehensive instructions must be given to 
the patient about the nature of the disease and what must be done 
to detect and prevent complications. 

Interactions Disturbance of blood sugar control. As with all hypo- 
glycaemics, caution should be observed in administering thiazide 
diuretics to patients on gliclazide therapy, since thiazides have been 
reported to aggravate the diabetic state. Other drugs which may 
adversely affect blood sugar control with hypoglycaemic agents in 
some patients, include barbiturates, glucocorticoids and oestrogens. 
Potentiation of hypoglycaemic effect. Certain drugs may potentiate 
the effect of gliclazide and thereby increase the risk of hypoglyc- 
aemia. These indude insulin, biguanides, sulfonamides, oxyphenbu- 
tazone, phenylbutazone, clofibrate, salicylates, coumarin deriva- 
tives, chloramphenicol, monoamine oxidase inhibitors (MAOIs), p- 
blockers, cimetidine and ethanol. 

Alcohol. Acute alcohol intoxication potentiates the hypoglycaemic 
action of all sulfonylurea agents. Furthermore, ingestion of alcohol 
may cause a disulfiram-like reaction with characteristic flushing of 
the face, throbbing headache, giddiness, tachypnoea. tachycardia or 
angina pectoris. 

Chronic alcohol abuse may, as a result of Ih/er enzyme induction, 
stimulate the metabolism of sulfonylurea drugs and shorten plasma 
half-life and duration of action. 

Adverse Reactions Adverse reactions have occurred in some 
12% of cases In dlnical studies. However, approximately 2% of 
patients were withdrawn from therapy because of adverse reactions, 
notably hypoglycaemia, gastrointestinal disturbances (constipation, 
nausea, epigastric discomfort and heartburn), dermatologicat reac- 
tions (rash and transient itching), and biochemical abnormalities 
(elevated serum creatinine, increased serum alkaline phosphatase, 
raised serum AST, elevated BUN and raised serum bilirubin). Head- 
ache, slight disulfiram-like reactions and lassitude have also been 
reported. 

Serious reactions which have been reported with other sulfonylureas 
are leucopenia, thrombocytopenia, agranulocytosis, pancytopenia, 
haemolytic anaemia, cholestatic jaundice a/id gastrointestinal haem- 
orrhage. These reactions have not been reported with gliclazide. 
As is the case with all forms of antidiabetic therapy, hypoglycaemic 
readions have occasionally been reported following Diamicron 
administration. 

Severe hypoglycaemia, though very rarely reported, may occur in 
patients receiving gliclazide. 
Dosage and Administration The dosage of gliclazide should 
be carefully titrated to maintain optimal control at the various possible 
dose levels. Dosage should be initiated at 40 mg (half tablet) daily 
and may be increased if necessary up to 320 mg (four tablets) daily. 
Doses up to 1 60 mg daily may be taken in a single dose but preferably 
at the same time each morning. Doses in excess of 160 mg should 
be taken in divided doses in the morning and evening. 
In general, the dosage will depend on the severity of the glycaemia 
with ongoing adjustments made in order to obtain the optimal re- 
sponse at the lowest dosage. 
Treatment with gliclazide does not obviate the necessity for main- 
taining standard dietary regulations. 

Overdosage Symptoms. Manifestations of severe hypoglyc 
aemia result from overdosage. Hypoglycaemia caused by sulfonyl- 
urea agents differs in several aspects from insulin coma. Warning 
symptoms are often absent, neurological syndromes are frequent 
and coma is often prolonged. 
Treatment Condousness should be restored by the administration 
of intravenous glucose or glucagon injection, care being taken to 
ensure against the return of hypoglycaemia by constant monitoring 
of the blood sugar level. 

Presentation Tablets, 80 mg (white, scored): 100's. 
Poisons Schedule S4. 
TGA approval/last amendment: 21/08/2001 
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Servier Laboratories (Aust.) Pty Ltd 
Composition Active. Gliclazide. » ^ 

Inactive. Calcium hydrogen phosphate, maltodextrini 
-magnesium stearate, colloidal anhydrous silica. 
Description Chemical.name: 1-(3-azabicyclo(3.3:0]j 
tolylsulfonylurea. Molecular formula: CisHaiNaOaS^K 
approximately 168°C. CAS: 21187-98-4. Gliclazide! il 
almost white powder, practically insduble in water, tree 
dichloromethane, sparingly soluble in acetone and sligl 
ethanol 96%. 

Actions Pharmacology. Gliclazide is an oral hyppgij 
onylurea which differs from other related coi 
containing heterocyclic ring with an endocyclic bond. j^ 
Gliclazide reduces blood glucose levels by stimulating"in__ 
tion from the p-cells of the islets of Langerhans. ■ 'iA*|K; 
Gliclazide shows high affinity, strong selectivity and revter" 
ing to the JJ-cell Katp channels with a low affiruty for$cj n 
vascular Katp channels. Increased postprandial insulin ar^$$ 
secretion persists after two years of treatment. GlidazjtF 
extrapancreatic effects and haemovascular propertied 
Effects on insulin release. In type II diabetes, gliclazide i jp 
first peak of insulin secretion in response to glucose.an^ra 
the second phase of insulin secretion. A significant increase 1 ' 
release is seen in response to stimulation induced <butf 
glucose. • 
Extrapancreatic effects. Gliclazide has been shown wtep 
peripheral insulin sensitivity. 

In muscle, euglycaemic hyperinsulinaemic clamp: stptjie 
clazide have demonstrated significantly increased,«.(3,(| 
mediated glucose uptake which may improve diabete^t 
clazide potentiates insulin action on- muscle glycogej" 
These effects are consistent with a post- transcription 
glidazide on GLUT4 glucose transporters. 
Studies on glucose turnover have further shown •th^l 
decreases hepatic glucose produdion, leading to an irppfr 
fasting blood glucose levels. - w*sc _ 

Other actions. Glidazide has been shown in some.styg*ij| 
actions independent of that on glucose levels. These haef( 
effects of gliclazide include the following. 
Partial inhibition of platelet aggregation and adhesion v 
in markers of platelet activation (B thromboglobulin, thrc , t w ( 
Increased vascular endothelial fibrinolytic adivity (incjes 
activity). .. i^rij 

Antioxidant properties, notably a reduction in plasma liDi<Ji| 
and increased erythrocyte superoxide dismutase activity^' 
Inhibition of the increased adhesiveness of type II diabej 
monocytes to endothelial cells in vitro. m ^ 
The antioxidant, platelet inhibiting and fibrinolytic actions q^F 
involve processes which have been implicated in the.palt' 
of vascular complications of type II diabetes. 
There is no clinical evidence that the haemovascql^e 
gliclazide are of therapeutic benefit in type II diabetes ■pa^ej 
Pharmacokinetics. Hydration of the tablets induces fp^" 
gel to activate drug release. ...<irr« 
Plasma levels increase progressively, resulting in a p&tgig 
curve from the sixth to the twelfth hour after administratioj" 
vidual variability is low. Gliclazide is completely e 
intake does not affert the rate or degree of absorption ; ,TJ 
ship between the dose administered and the area unde/^jjj 
tration (AUC) curve as a fundion of time is linear^ 
gliclazide up to 90 mg/day. At the highest evaluated*} 
mg/day), the AUC increases slightly more than proportion 
dose. 

Plasma protein binding is approximately 95%. Gliclazifji 
metabolised in the liver, the products of which are e$£" 
creted in the urine. Less than 1% of unchanged drug isjr 
the urine. No active metabolites have been detected: iff 
The clearance of gliclazide has been found to be slightlj 
a fundion of age. This reduction, however, is not con:' 
clinically significant. , , 

The elimination half-life of gliclazide is approximately. Iff 
No clinically significant modifications in the Pharmacol' 



meters have been observed in elderly patients. 



Indications Type II diabetes In assodation with cfieisrj 
when dietary measures alone are inadequate to control pjo^j 
During controlled clinical trials in patients with typA'gS 
Diamicron MR, taken as a single daily dc^/waV'grof 
effective long term in controlling blood glucose levels^ 
monitoring of HbA1c. ' '"''ItST 

Contraindications Hypersensitivity to glidazide; otne 
ureas, sulfonamides or to any of the excipients. . 
Type I diabetes, diabetic ketoacidosis, diabetic pre-coit^^ 
Severe renal or hepatic insufficiency. '. 
Treatment with miconazole (see Interactions). * 
Pregnancy and lactation (see Use in pregnancy and u *®MJs 
It is generally not recommended to use this agent in combirF 
phenylbutazone or danazol (see Interactions). 7 
Use In pregnancy. (Category C) It is important t^jjjgJL 
normoglycaemia during pregnancy. Oral hypoglycemic 
should be replaced by insulin. The sulfonylureas may 1 enter 
circulation and cause neonatal hypoglycaemia. In an'^ffifJ* 
embryotoxicity and/or birth defeds have been demortSlr3^ 
some sulfonylureas. \ -Sh; 

Gliclazide should .not be used in pregnant women a,ln ^®jj 
studies of gliclazide have not shown any teratogenic ©^pScH] 
clinical point of view, there are no adequate data to allow" e^j«J 
of the possible malformative or fetotoxic effeds of 
administered during pregnancy. ~' ?• 

Use in lactation. In the absence of data on the transfer 6f g)JS 
into breast milk, and given the risk of neonatal hypbgiftsf 
breastfeeding is contraindicated during treatment with thgjjS 
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